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This DATABOOK contains complete technical in- 
formation on RCA standard commercial CMOS 
integrated circuits. It covers the full line of RCA 
standard A- and B-series digital logic circuits, and 
special-function circuits (telecommunications and 
special interface and display-driver circuits). 

The DATABOOK isdivided into eight major sections. 
The first section includes a complete index of types, 
classification and selection charts, functional dia- 
grams, and photographs of available package op- 
tions. This section is followed by a discussion of 
general considerations that should be taken Into 
account in the operation and application of CMOS 
integrated circuits. 

Three separate data sections provide definitive 
ratings and characteristics for (1) high-voltage B- 
series types, (2) A-serles types, (3) special-function 
types. 

Data pages for individual devices are included as 
nearly as possible in alphanumerical sequence of 
type numbers. Because some devices are grouped 
together to show similarity of function or data, 
individual type numbers may be out of sequence. If 
you don’t find the type number you’re looking for 
where you expect It to be, check the Index to 
Devices. 

Next, a high-reliability CMOS IC’s section describes 
the extensive line of RCA high-reliability integrated 
circuits that are processed and screened in accord- 
ance with military, RCA, or special custom speci- 
fications to meet the needs of modern military, 
aerospace, and critical industrial and scientific 
applications. 

The DATABOOK also includes Dimensional Out- 
lines, Application Notes, and RCA Sales Offices, 
Manufacturers’ Representatives, and Authorized 
Distributors. 


General Operating and Application 

Considerations EIH 

CMOS High-Voltage B-Series Integrated 

Circuits — Technical Data BuH 

CMOS A-Series Integrated Circuits— VHI 
Technical Data KHI 



|olid 


Somerville, NJ • Brussels • Paris • London 
Hamburg • Sao Paulo ® Hong Kong 


Information furnished by RCA is believed to be accurate and 
reliable. However, no responsibility is assumed by RCA for its use; 
nor for any infringements of patents or other rights of third parties 
which may result from its use. No license is granted by implication 
or otherwise under any patent or patent rights of RCA. 


The device data shown for some types are indicated as preliminary 
or objective. Preliminary data are intended for guidance purposes 
in evaluating devices for equipment design. Such data are shown 
for types currently being designed for inclusion in our standard 
line of commercially available products. Objective data are 
intended for engineering evaluation of types in the initial stages of 
design. The type designations and data are subject to chan^ge, 
unless otherwise arranged. No obligations are assumed for notice 
of change or future manufacture of these devices. For current 
information on the status of preliminary or objective programs, 
please contact your local RCA sales office. 


Copyright 1983 by RCA Corporation 

(All rights reserved under Pan-American Copyright Convention) 


Trademark(s) ® Registered 
Marca(s) Registrada(s) 


Printed in USA 8-83 



General Guide to CMOS 
Integrated Circuits 


1 


Page 

Index to Devices 4 

Index to Application Notes 5 

Product Classification Chart 6 

Function Selection Chart 7 

Package and Ordering Information 14 

Functional Diagrams 15 

Industry-to-RCA Type Cross-Reference Guide 31 


3 




Index to Devices 


This index does not include package 
designation suffix letters for individual 
type numbers; the various packages avail- 
able are shown in the data section. 


Data Data Data Data 

Bulletin Bulletin Bulletin Bulletin 
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Page 
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Page 

File No. 
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Page 

File No. 

Type No. 

Page 

File No. 

CA3300 

620 

1316 
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86 
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CD4050B 

202 
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1006 

CA3308 

631 

1352 
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930 

CD4051B 
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CD4532B 

338 

876 
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631 

1352 

CD4024B 
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1063 
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944 

CD4025A 
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944 

CD4053B 
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902 

CD4538B 

350 

1245 

CD4000B 

58 

985 

CD4025B 

58 
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CD4054B 

213 

634 

CD4541B 

356 

1378 

CD4000UB 

62 

945 

CD4025UB 

62 
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CD4055B 
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CD4543B 
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CD4001A 
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CD4026A 
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CD4056B 
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CD4555B 
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CD4001B 

58 

985 

CD4026B 
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CD4057A 
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62 
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CD4585B 
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813 

CD4724B 
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1111 

CD4002B 

58 

985 

CD4028A 
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937 

CD4060B 

218 

1120 

CD22100 

636 

1076 

CD4002UB 

62 

945 

CD4028B 

136 

1016 

CD4062A 

612 

816 

CD22101 

641 

1039 

CD4006A 

481 

920 

CD4029A 

538 

931 

CD4063B 

222 

805 

CD22102 

641 

1039 

CD4006B 

66 

1033 

CD4029B 

140 

1028 

CD4066A 

616 

769 

CD22103 
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1310 

CD4007A 

484 

921 

CD4030A 

541 

932 

CD4066B 

226 

1114 

CD22104 

656 

1259 

CD4007UB 

70 

977 

CD4030B 
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1055 

CD4067B 

231 

909 

CD22104A 

656 
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CD4008A 
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CD4031A 
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CD4068B 

237 
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CD22105 
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CD4008B 

74 
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CD4031B 
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CD4069UB 
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804 
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489 
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78 
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CD4011B 

82 
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CD4034B 
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CD40100B 
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86 
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CD4035A 
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CD40101B 
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1000 

CD4012A 
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CD4035B 
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1101 

CD4078B 
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810 

CD40102B 
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984 

CD4012B 

82 

986 

CD4037A 

556 

576 

CD4081B 

250 

806 

CD40103B 

387 

984 

CD4012UB 

86 

947 

CD4038A 

546 

915 

CD4082B 

250 

806 

CD40104B 

394 

1220 

CD4013A 

495 

935 

CD4038B 

154 

1081 

CD4085B 

261 

811 

CD40105B 

401 

1044 

CD4013B 

90 

936 

CD4040A 

558 

624 

CD4086B 

265 

812 

CD40106B 

406 

1017 

CD4014A 

498 

922 

CD4040B 

122 

1063 

CD4089B 

269 

1003 

CD40107B 

410 

1015 

CD4014B 

94 

1043 

CD4041A 

561 

572 

CD4093B 

274 

836 

CD40108B 

413 

1011 

CD4015A 

500 

943 

CD4041UB 

169 

934 

CD4094B 

278 

869 

CD40109B 

418 

1018 

CD4015B 

99 

1024 

CD4042A 

565 

589 

CD4095B 

282 

879 

CD40110B 

422 

1125 

CD4016A 

503 

952 

CD4042B 

172 

954 

CD4096B 

282 

879 

CD40115 

687 

1075 

CD4016B 

103 

953 

CD4043A 

568 

590 

CD4097B 

231 

909 

CD40116 

689 

1234 

CD4017A 

507 

927 

CD4043B 

176 

956 

CD4098B 

286 

979 

CD40117B 

431 

1333 

CD4017B 

108 

1113 

CD4044A 

568 

590 

CD4099B 

291 

948 

CD40147B 
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1117 

CD4018A 

511 

929 

CD4044B 

176 

956 

CD4502B 

295 

1002 

CD40160B 
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1047 

CD4018B 

113 

1034 

CD4045A 

571 

614 

CD4503B 

298 

1224 

CD40161B 

438 

1047 

CD4019A 

514 

923 

CD4045B 

180 

1119 

CD4508B 

301 

1009 

CD40162B 

438 

1047 

CD4019B 

118 

1045 

CD4046A 

574 

637 

CD4510B 

305 

899 

CD40163B 

438 

1047 

CD4020A 

516 

928 

CD4046B 

184 

1099 

CD4511B 

311 

901 

CD40174B 

445 

1031 

CD4020B 

122 

1063 

CD4047A 

579 

623 

CD4512B 

316 

1032 

CD40175B 

449 

1326 

CD4021A 

519 

933 

CD4047B 

190 

1123 

CD4514B 

319 

814 

CD40181B 

455 

989 

CD4021B 

94 

1043 

CD4048A 

585 

636 

CD4515B 

319 

814 

CD40182B 

460 

1008 

CD4022A 

522 

919 

CD4048B 

197 

1124 

CD4516B 

305 

899 

CD40192B 

464 

993 

CD4022B 

108 

1113 

CD4049A 

590 

599 

CD4517B 

323 

1148 

CD40193B 

464 

993 

CD4023A 

492 

946 

CD4049UB 

202 

926 

CD4518B 

328 

808 

CD40194B 

394 

1220 

CD4023B 

82 

986 

CD4050A 

590 

599 

CD4520B 

328 

808 

CD40208B 

469 

1007 


CD40257B 474 982 
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Analog Applications” 714 
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(Abstract) 786 
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“Arithmetic Arrays Using Standard COS/MOS Building Blocks” (Abstract) 786 
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“Low-Power Digital Frequency Synthesizers Utilizing COS/MOS IC’s” (Abstract) 786 

“Battery-Powered Digital-Display Clock/Timer and Metering Applications Utilizing the 

RCA-CD4026A and CD4033A Decade Counters— 7-Segment Output types” (Abstract) 786 
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Product Classification Chart 


1 GATES 1 

MULTIVIBRATORS 

Single-Level 

Multi-Level 

Flip-Fiops/Latches 




Buffers & 

Multi- 

Decoders/ 

Schmitt 



NOR/NAND 

OR/AND 

Inverters 

function/AO I 

Encoders 

Trigger 



CD4000B 

CD4012B 

CD4071B 

CD4007UB 

CD4019B 

CD4028B 

CD4093B 

CD4013B 

CD4096B 

CD4000UB 

CD4012UB 

CD4072B 

CD4007A 

CD4019A 

CD4028A 

CD40106B 

CD4013A 

CD4099B** 

CD4000A 

CD4012A 

CD4073B 

CD4009UB 

CD4030B ■ 

CD4514B 



CD4027B 

CD4508B 

CD4001B 

CD4023B 

CD4075B 

CD4009A 

CD4030A ■ 

CD4515B 



CD4027A 

CD4724B** 

CD4001UB 

CD4023UB 

CD4081B 

CD4010B 

CD4037A 

CD4532B 



CD4042B 

CD40174B 

CD4001A 

CD4023A 

CD4082B 

CD4010A 

CD4048B 

CD4555B‘ 



CD4042A 

CD40175B 

CD4002B 

CD4025B 


CD4041UB 

CD4048A 

CD4556B* 



CD4043B 

Astable/ 

CD4002UB 

CD4025UB 


CD4041A 

CD4070Ba 

CD40147B 



CD4043A 

Mono- 

C04002A 

CD4025A 


CD4049UB 

CD4077B« 




CD4044B 

stable 

CD4011B 

CD4068B 


CD4049A 

CD4085B 




CD4044A 

CD4047B 

CO4011UB 

CD4078B 


CD4050B 

CD4086B 




CD4076B** 

CD4047A 

CD4011A 

CD40107B 


CD40S0A 





CD4095B 





CD4069UB 










CD4502B 

■See 

*See 



**See 

Mono- 




CD4503B 

Comparators 

Demultiplexers 



Storage 

stable 




CD40107B 





Registers 

CD4098B 










CD4538B 






MULTIPLEXERS/ 

PHASE- 

QUAD 

INTER- 

REGISTERS 


COUNTERS 

DEMULTIPLEXERS 

LOCKED 

BILATERAL 

FACE 



FIFO 

Binary 


Analog/Digital 

LOOP 

SWITCHES 

CIRCUITS 

Shift 

Storage 

Buffer 

Ripple 

Synchronous 

Data Selectors 




CD4006B 

CD4076Bt 

CD40105B 

CD4020B 

CD4017B 

CD4016B A 


CD4046B 

CD4016B4 

CD4009UB 

CD4006A 

CD4099B 


CD4020A 

CD4017A 

CD4016A A 


CD4046A 

CD4016A4 

CD4009A 

CD4014B 

CD4724B 


CD4024B 

CD4018B 

CD4019B 



CD4066B 4 

CD4010B 

CD4014A 

CD40108B* 


CO4024A 

CO4018A 

CD4019A 



CD4066A 4 

CD4010A 

CD4015B 

CD40174B 


CD4040B 

CD4022B 

CD4051B 




CD4049UB 

CD4015A 

CD40175B 


CD4040A 

CD4022A 

CD4052B 




CD4049A 

CD4021B 

CD40208B* 


C04060B 

CD4029B 

CD4053B 




CD4050B 

CD4021A 



C04060A 

CO4029A 

CO4066B A 




CD4050A 

CD4031B 




CD4059A 

CD4066A A 




CD4054B 

CD4031A « 




CD4510B 

CD4067B 




CD40107B 

CD4034B • 



TIMERS 

CD4516B 

CD4097B 




CD40109B 

CD4034A 




CD4518B 

CD4512B 




CD40115V 

CD4035B 



pnanai^R 

CD4520B 

CD4555B 0 




CD40116 V 

CD4035A 

tSee 


CD4045A 

CD40102B 

CD4556B 0 




CD40117B^ 

CD4062A 

CD4094B 

Fllp/Flops 


CD4536B 

CD40103B 

CD40160B 

CD40257B 




A/D Converter! 

CD4S17B 



CD454 1 B 

CD40161B 





CA3300^ 

CD40100B 

•See 



CD40162B 

A See 0See 



^See 

CA3308 ^ 

CD40104B 

Multiport 



CD40163B 

Quad Decoders/ 


Multiplexers 


CD40194B 

Register 



CD40192B 

Bilateral Encoders 








CD40193B 

Switch 






ARITHMETIC CIRCUITS 

DISPLAY DRIVERS 


TELECOMMUNICATION 



Parity 



For 

For 

CIRCUITS 

Adders/ 

ALU/Rate 

Generator/ 

Multiport 


LCD* 

LEDee 

Crosspoint 

Tone 

Comparators 

Multipliers 

Checker 

Register 

With Counter 

Drive 

Drive 

Switches 

Generator 

CD4008B 

CD4008A 

CD4057A 

CD4089B 

CD40101B 

CD40108B* 

CD40208B* 

CD4026B 

CD4026A 

CD4054B 

CD4055B 

CD4511B 

CD22100 V 
CD22101 V 

CD22859 V 




CD4030B 

CD4527B 


CD4034^* 

CD4033B 

CD4056B 


CD22102 V 

Timer/D river 

CD4030A 

CD40181B 


CD4034A* 

CD4033A 

CD4543B 


PCM Line 
Repeater 

CD22301^ 


CD4032B 

CD40182B 



CD40110B 

CD22104 V 


CD22401^ 

CD4032A 

CD4038B 

CD4038A 





CD22104AV 
CD22105 V 
CD22105A V 


PCM Data 
Filters 







HDB3 

Transcoder 

CD22103^ 

CD22413^ 

CD22414^ 

CD4063B 
CD4070B-I- 
CD4077B + 
CD4585B 

+ See 

Multifunc- 
tion/ AO I 


*See 

Storage 

Register 


^Liquid 

Crystal 

Display 

••Light 

Emitting 

Diode 


V Indicates types designed for special applications. Ratings and characteristics data for these types differ in some aspects from 
the standardized data for A- and B-series types. Refer to data pages on these types for specific differences. 
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Function Selection Chart 




No. of 



No. of 

Function 

Type No. 

Pins 

Function 

Type No. 

Pins 

Gates 



Gates (cont’d) 



NOR/NAND 



Multifunction/AOl (cont’d) 



Dual 4-input NOR 

CD4002B 

CD4002UB 

14 

14 

Quad AND/OR Select 

CD4019B 

CD4019A 

16 

16 


CD4002A 

14 

Dual 2-wide, 2-input AND/OR 



Dual 4-input NAND 

CD4012B 

14 

invert (AOI) 

CD4085B 

14 

CD4012UB 

14 

Expandable 4-wide, 2-input 




CD4012A 

14 

AND/OR invert (AOI) 

CD4086B 

14 

Triple 3-input NOR 

CD4025B 

14 

Multifunctional expandable 8-input 

CD4048B 

16 

CD4025UB 

14 

(3-state output) 


CD4025A 

14 


CD4048A 

16 

Triple 3-input NAND 

CD4023B 

14 

Decoders/Encoders 




CD4023UB 

14 

BCD-to-decimal decoder 

CD4028B 

16 


CD4023A 

14 


CD4028A 

16 

Quad 2-input NOR 

CD4001B 

14 

8-input priority encoder 

CD4532B 

16 


CD4001UB 

14 

10-line to 4-line 




CD4001A 

14 

BCD priority encoder 

CD40147B 

16 

Quad-2 input NAND 

CD4011B 

14 

4-bit latch/4-to-1 6 line decoder 




CD4011UB 

14 

(outputs high) 

CD4514B 

24 


CD4011A 

14 

4-bit latch/4-to-1 6 line decoder 



8-input NOR/OR 

CD4078B 

14 

(outputs low) 

CD4515B 

24 

8-input NAND/AND 

CD4068B 

14 

Dual 1-of-4 decoder/demultiplexer 



Dual 3-input NOR plus inverter 

CD4000B 

14 

(outputs high) 

CD4555B 

16 


CD4000UB 

14 

Dual 1-of-4 decoder/demultiplexer 




CD40d0A 

14 

(outputs low) 

CD4556B 

16 

Dual 2-input NAND buffer/driver 

CD4P107B 

8,14 

Schmitt Trigger 



OR/AND 



Quad 2-input NAND 

CD4093B 

14 

Dual 4-input OR 

CD4072B 

14 

Hex 

CD40106B 

14 

Dual 4-input AND 

CD4082B 

14 

Interface 



Triple 3-input OR 

CD4075B 

14 



Triple 3-input AND 

CD4073B 

14 

Quad low-to-high voltage 

CD40109B 

16 

Quad 2-input OR 

CD4071B 

14 

Hex high-to-low voltage (invertirfg) 

CD4009UB 

16 

Quad 2-input AND 

CD4081B 

14 


CD4009A 

16 




CD4049UB 

16 

Buffers and Inverters 




CD4049A 

16 

Dual complementary pair plus 
inverter 

CD4007UB 

CD4007A 

14 

14 

Hex high-to-low voltage (non- 
inverting) 

CD4010B 

CD4010A 

CD4050B 

16 

16 

16 

Hex inverter 

CD4069UB 

14 


CD4050A 

CD40107B 

1 6 

Hex inverter/ buffer (3-state) 

CD4502B 

16 

Dual 2-input NAND buffer/driver 

8,14 

Hex buffer (3-state non-inverting) 

CD4503B 

16 

8-bit bidirectional CMOS-to-TTL 

Hex buffer/converter (inverting) 

CD4009UB 

^ n A AAA A 

16 

level converter 

CD40115 V 

22 

Hex buffer/converter (inverting) 

CD4009A 

1 6 

8-bit bidirectional CMOS-to-TTL 



CD4049UB 

16 

1 level converter 

CD40116 V 

22 

Hex buffer /converter (non-inverting) 

CD4049A 

CD4010B 

CD4010A 

16 

16 

1 6 

Programmable dual 

4-bit terminator 

CD40117B^ 

14 

Hex buffer/converter (non-inverting) 

CD4050B 

16 

A/D Converters 



CD4050A 

16 

Video-speed 6-bit 



Quad true/complement buffer 

CD4041UB 

CD4041A 

14 

14 

flash A/D converter 

Video-speed 8-bit 

CA3300 

18 

Dual 2-input NAND buffer/driver 

CD40107B 

8,14 

flash A/D converter 

CA3308 

24 

Multifunction/AOl 

Triple AND-OR bi-phase pairs 

CD4037A 

14 

Multivibrators 



Quad exclusive-OR 

CD4030B 

14 

Monostable/astable 

CD4047B 

14 


CD4030A 

14 


CD4047A 

14 

Quad exclusive-OR 

CD4070B 

14 

Dual monostable 

CD4098B 

16 

Quad exclusive-NOR 

CD4077B 

14 

Dual precision monostable 

CD4538B 

16 

^Indicates types designed for special applications. Ratings and characteristics data for these types differ in some aspects from 
the standardized data for A- and B-series types. Refer to data pages on these types for specific differences. 











Function Selection Chart 



Multivibrators (cont’d) 

Flip-Flops 

Dual “D” with set/reset capability 

Dual ‘‘J-K’’ with set/reset capability 

Gated “J-K” (non-inverting) 

Gated “J-K” (inverting and non- 
inverting) 

Hex “D” 

4-bit “D” with 3-state outputs 
Quad “D” 

Latches 

Quad clocked “D” 

Quad NOR R/S (3-state outputs) 

Quad NAND R/S (3-state outputs) 

Dual 4-bit 
8-bit addressable 

Registers 

Shift Registers-Static 

Dual 4-stage with serial input/ 
parallel output 

1 8-stage 

64-stage 

Dual 64-bit 

8-stage with synchronous parallel 
or serial input/serial output 

8-stage with asynchronous parallel 
input or synchronous serial 
input/serial output 

4-stage parallel-in/parallel-out with 
J-K input and true/complement 
output 

4-bit universal bidirectional 
with 3-state outputs 
4-bit universal bidirectional 
with asynchronous master reset 
8-stage bidiiectional parallel or 
serial input/parallel output 

32-bit left/right 

8-stage shift-and-store bus 

Shift Registers-Dynamic 

200-stage 
Storage Registers 

8-bit addressable latch 

4-bit “D”-type with 3-state outputs 
4X4 Multiport 
4X4 Multiport 

FIFO Buffer Registers 

4-bit X 16 word 


Type No. 


CD4013B 

CD4013A 

CD4027B 

CD4027A 

CD4095B 

CD4096B 

CD40174B 

CD4076B 

CD40175B 

CD4042B 

CD4042A 

CD4043B 

CD4043A 

CD4044B 

CD4044A 

CD4508B 

CD4099B 

CD4724B 


CD4015B 

CD4015A 

CD4006B 

CD4006A 

CD4031B 

CD4031A 

CD4517B 

CD4014B 

CD4014A 


CD4021B 

CD4021A 


CD4035B 

CD4035A 

CD40104B 

CD40194B 

CD4034B 

CD4034A 

CD40100B 

CD4094B 

CD4062A 

CD4099B 

CD4724B 

CD4076B 

CD40108B 

CD40208B 

CD40105B 



Counters 

Binary Ripple 

7-stage 

12-stage 
1 4-stage 


14-stage counter/divider and 
oscillator 

Timers 

21 -stage 

Programmable 


Synchronous 

Decade counter/divider plus 10 
decoded decimal outputs 

Divide-by-8 counter/divider with 
8 decimal outputs 

Presettable divide-by-“N” counter, 
fixed or programmable 

Programmable-divide-by-“N” 

counter 

Presettable up/down counter, 
binary or BCD-decade 

Presettable 4-bit BCD up/down 
counter 

Presettable 4-bit binary up/down 
counter 

Presettable 2-decade BCD down 
counter 

Presettable 8-bit binary down 
counter 

Presettable 4-bit BCD up/down 
counter 

Presettable 4-bit binary up /down 
counter 

Dual BCD up counter 

Dual binary up counter 

Decade counter/asynchronous clear 

Binary counter/asynchronous clear 

Decade counter/synchronous clear 

Binary counter/synchronous clear 

Display Drivers 

With Counter 

Decade counter/divider with 7- 
segment display outputs and 
display enable 

Decade counter/divider with 7- 
segment display outputs and 
ripple blanking 

Up/Down Counter-Latch- 
Decoder-Driver 


Type No. 


CD4024B 

CD4024A 

CD4040B 

CD4040A 

CD4020B 

CD4020A 


CD4060B 

CD4060A 

CD4045B 

CD4045A 

CD4536B 

CD4541B 



CD4017B 

CD4017A 

CD4022B 

CD4022A 

CD4018B 

CD4018A 


CD4029B 

CD4029A 


CD4516B 

CD40102B 

CD40103B 

CD40192B 

CD40193B 

CD4518B 

CD4520B 

CD40160B 

CD40161B 

CD40162B 

CD40163B 


CD4026B 

CD4026A 


CD4033B 

CD4033A 

CD40110B 










Function Selection Chart 


Function 

Type No. 

No. 

Pin 

Arithmetic Circuits (Cont’d) 

Adders/Comparators 

Quad exclusive-OR gate 

CD4030B 

14 


CD4030A 

14 

Quad exclusive-QR gate 

CD4070B 

14 

Quad exclusive-NOR gate 

CD4077B 

14 

ALU/Rate Multipliers 

4-bit arithmetic logic unit 

CD40181B 

24 


CD4057A 

28 

BCD rate multiplier 

CD4527B 

16 

Binary rate muitiplier 

CD4089B 

16 

Look-ahead-carry block 

CD40182B 

16 

Parity Generator/Checker 

9-bit 

CD40101B 

14 

Multiport Register 

4X4 

CD40108B 

24 

4X4 

CD40208B 

24 

8 X 1 

CD4034B 

24 

8 X 1 

CD4034A 

24 

Quad Bilateral Switches 

For transmission or multiplexing of 

CD4016B 

14 

analog or digital signals 

CD4016A 

14 


CD4066B 

14 


CD4066A 

14 

Telecommunication Circuits 

Crosspoint Switches 

4X4 crosspoint switch with 
control memory 

CD22100 V 

16 

4X4X2 crosspoint switch with 
control memory 

CD22101 V 

24 

4X4X2 crosspoint switch with 
control memory 

CD22102 V 

24 

HDB3 Transcoder 

HDB3 transcoder for 

2.048/8.448 Mb/s transmission 
applications 

CD22103^ 

16 

PCM Line Repeater 

PCM line repeater 

CD22301^ 

18 

TImer/DrIver 

16-channel precision 
timer/driver 

CD22401 ^ 

40 

PCM Data Filters 

Pulse code modulation 
sampled-data filters 

CD22413'^ 

16 

CD22414^ 

16 

Tone Generator 

Dual-tone multifrequency 
tone generator 

CD22859 V 

16 


Function 


Type No. 


No. of 
Pins 


Display Drivers (cont’d) 

For Liquid-Crystal-Display Drive 


4-segment display driver 
BCD-to-7-segment decoder/driver 

CD4054B 

16 

with “display-frequency’’ output 
BCD-to-7-segment decoder/driver 

CD4055B 

16 

with strobed-latch function 

CD4056B 

16 

4-digit decoder/driver with 

CD4543B 

16 

hexidocimal display 

4-digit decoder/driver with 

CD22104V 

40 

decimal display 

4-digit decoder/driver with 

CD22104A V 

40 

hexidecimal display 

4-digit decoder/driver with 

CD22105 V 

40 

decimal display 

For Light-Emitting-Diode Drive 

BCD-to-7-segment latch decoder/ 

CD22105A V 

40 

driver 

Multiplexers/Demultiplexers 

Analog 

CD4511B 

16 

Triple 2-channel 

CD4053B 

16 

Differential 4-channel 

CD4052B 

16 

Single 8-channel 

CD4051B 

16 

Differential 8-channel 

CD4097B 

24 

Single 16-channel 

CD4067B 

24 

Quad bilateral switch 

CD4016B 

14 


CD4016A 

14 

Quad bilateral switch 

CD4066B 

14 

Digital (Data Selectors) 

CD4066A 

14 

Quad AND/OR select 

CD4019B 

16 

Dual 1-of-4 decoder/demultiplexer 

CD4019A 

16 

(outputs high) 

Dual 1-of-4 decoder/demultiplexer 

CD4555B 

16 

(outputs low) 

CD4556B 

16 

Quad 2-line-to-1 -line 

CD40257B 

16 

8-channel 

Phase-Locked Loop 

CD4512B 

16 

Micropower 

CD4046B 

16 

Arithmetic Circuits 

Adders/Comparators 

4-bit full adder with parallel carry 

CD4046A 

16 

out 

CD4008B 

16 


CD4008A 

16 

Triple serial adder, positive logic 

CD4032B 

16 


CD4032A 

16 

Triple serial adder, negative logic 

CD4038B 

16 


CD4038A 

16 

4-bit magnitude comparator 

CD4063B 

16 


CD4585B 

16 

ndicates types designed for special applications. Ratings 


the standardized data for A- and B-serles types. Refer to data pages on these types for specific differences. 
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CMOS LSI Products 

In addition to the logic and special-function integrated 
circuits listed in the preceding pages, RCA offers an all- 
CMOS line of microprocessor, memory and peripheral 
integrated circuits. 

The RCA CDP1800 series offers the most complete line 
of CMOS microprocessor and associated memory and 
peripheral devices in the industry. In addition to 
microprocessors and microcomputers, this product line 
includes a hardware multiply/ divide unit (MDU), a 
programmable I/O, video and keyboard interface circuits, 
latches and decoders, a universal asynchronous receiver- 
transmitter (UART), buffers, separators, and a broad 
complement of directly interfaceable random-access 
memories (RAM’s) and read-only memories (ROM’s). 

RCA also offers the CDP6800 family, a new series of 
pin-for-pin replacements for the MC 146805 Series of 
CMOS microprocessors and peripherals primarily in- 
tended for single-chip system applications. 


CMOS LSI Products 


Part No. 

Description 

No. of Pins 

Microprocessors 


CDP 1802 A 

8-Bit 

40 

CDP1802B 

8-Bit 

40 

CDP1805C 

8-Bit with RAM 

40 

CDP1805AC 8-Bit with RAM 

40 

CDP1806C 

8-Bit with Counter-Timer 

40 

CDP1806AC 8-Bit with Counter-Timer 

40 

CDP6805E2 

8-Bit with RAM/ 1-0/ Counter- 



Timer 

40 

Microcomputers 


CDP 1804 A 

8-Bit with RAM/ ROM/ Counter- 



Timer 

40 

CDP6805F2 

8-Bit with RAM/ ROM/ 1-0/ 



Counter-Timer 

28 

CDP6805G2 

8-Bit with RAM/ ROM/ 1-0/ 


RAMs 

Counter-Timer 

40 

CDP1821 

IKx 1 

16 

CDP1822 

256 x4 

22 

CDP1823 

128x8 

24 

CDP1824 

32x8 

18 

CDP1826 

64x8 

22 

CDM6116 

2Kx8 

24 

CDM6117 

2Kx8 

24 

CDM6118 

2Kx8 

24 

MWS5101 

256 x4 

22 

MWS5101A 

256 X 4 

22 

MWS5114 

lKx4 

18 

CD4036A 

4x8 

24 

CD4039A 

4x8 

24 

CD4061A 

256 X 1 

16 

CD40061A 

256 X 1 

16 

CD40114B 

16x4 

16 


In addition to the memories designed to interface directly 
with CDP 1 800-series microprocessors, RCA also offers a 
line of general-purpose memories. 

For descriptive information on RCA microprocessor and 
memory circuits, refer to the RCA “CMOS-LSI” DATA- 
BOOK, SSD-260A. 

For the designers of microprocessor-based equipment 
and in support of the CDP 1800-series microprocessors 
and associated memory and peripheral circuits, RCA 
provides a strong and extensive line of systems, system 
support components, system support software, system 
modules (including Microboard milliwatt computer 
systems), and other development aids. 

The RCA Microsystems DATABOOK SSD-270 provides 
detailed information on RCA Microprocessor-based 
development systems and Microboard computer modules. 


Part No. 

Description 

No. of Pins 

ROMs 

CDM5332 

Mask-programmable ROM 



512x8 

24 

CDM5333 

Mask-programmable ROM 



512x8 

24 

CDM53128 

Mask-programmable ROM 



16Kx8 

28 

CDM53256 

Mask-programmable ROM 



32Kx8 

28 

CDP1831 

Mask-programmable ROM 



512x8 

24 

CDP1832 

Mask-programmable ROM 



512x 8 

24 

CDP1833 

Mask-programmable ROM 



lKx8 

24 

CDP1833B 

Mask-programmable ROM 



lKx8 

24 

CDP1834 

Mask-programmable ROM 



lKx8 

24 

CDP1835 

Mask-programmable ROM 



2K X 8 

24 

CDP1837 

Mask-programmable ROM 



4Kx8 

24 

CDP65516 

Mask-programmable ROM 



2K X 8 

18 

Input/ Output Circuits 


CDP1851 

Programmable I/O (PIO) 

40 

CDP1852 

Byte I/O - 8-Bit I/O Port 

24 

CDP1853 

Decoder - 1 of 8 

16 

CDP1855 

Multiply/ Divide Unit (MDU) 

28 

CDP1856 

Buffer - 4-Bit 

16 

CDP1857 

Buffer - 4-Bit 

16 

CDP1858 

Latch/ Decoder - 4-Bit 

16 

CDPI859 

Latch/ Decoder - 4-Bit 

16 




CMOS LSI Products (Cont’d) 


Part No. 

Description 

No. of Pins 

Part No. 

Description 

No. of Pins 

CDP1861 

Video Display Controller (VDC) 

24 

CDP1874 

High-Speed Input Port - 8-Bit 

22 

CDP1862 

Color Generator Circuit 

24 

CDP1875 

High-Speed Output Port 

22 

CDPI863 

Programmable Frequency 


CDP1876 

Video Interface System (VIS) 

40 


Generator 

16 

CDP1877 

Programmable Interrupt 


CDPI864 

PAL Video Display Controller 



Controller 

28 


(VDC) 

40 

CDP1878 

Dual Counter-Timer 

28 

CDPI866 

Latch/ Decoder - 4-Bit 

18 

CDP1879 

Real Time Clock 

24 

CDPI867 

Latch/ Decoder - 4-Bit 

18 

CDP1881 

Latch/ Decoder - 4-Bit 

20 

CDP1868 

Latch/ Decoder - 4-Bit 

18 

CDP1882 

Latch/ Decoder - 4-Bit 

18 

CDP1869 

Video Interface System (VIS) 

40 

CDP6818 

Real Time Clock with RAM 

24 

CDP1870 

Video Interface System (VIS) 

40 

CDP6823 

Parallel Interface 

40 

CDP1871A 

Keyboard Encoder, ASCII/ Hex 

40 

UARTs 



CDP1872 

High-Speed Input Port - 8-Bit 

22 

CDP1854A 

UART 

40 

CDP1873 

High-Speed Decoder - 1 of 8 

16 

CDP6402 

Industry Standard UART 

40 









The QMOS Product Line 

RCA also offers the QMOS series of high-speed CMOS 
logic integrated circuits which include an extensive line of 
products that are pin compatible with many existing 
bipolar 54/74LSTTL and CMOS 4000 series of digital 
logic types. The new QMOS IC’s provide high-speed 
CMOS replacements for the most popular LSTTL devices 
in existing designs and also offer low-power all-CMOS 
designs for new digital systems. Key family features of the 
RCA QMOS types include: 

• High Noise Immunity for Optimum 
All-CMOS-System Compatibility — 

CD74/54HC Family 

Nil = 20% of Supply, N|h = 30% of Supply 


• Direct LSTTL Input Logic Level Compatibility 
as well as CMOS Input Compatibility — 
CD74/54HCT Family 

(Can replace LSTTL or be mixed with LSTTL IC’s.) 
V|L = 0.8 V max., V|h = 2 V min. 

• 2 to 6 V Operation — CD74/54HC Family 

• 4.5 to 5.5 V — CD74/54HCT Family 

• Gate Propagation Delay of 8 ns typ., Cl= 15 pF 

• Balanced High-to-Low and Low-to-High 
Propagation Delays 

• Significant Power Reduction Compared to LSTTL 
Bipolar Logic IC’s 

• Alternate Sourced 

For descriptive information on the RCA QMOS series, 
refer to the RCA DATABOOK “QMOS High-Speed 
CMOS Logic”, SSD-290. 


QMOS Products 


CMOS Logic 

TTL Logic 



Plastic Pkg. 

CERDIP 

Plastic Pkg. 

CERDIP 

Pins 

Descriotion 

CD74HC00E 

CD54HC00F 

CD74HCT00E 

CD54HCT00F 

14 

Quad 2-Input NAND Gate 

CD74HC02E 

CD54HC02F 

CD74HCT02E 

CD54HCT02F 

14 

Quad 2-Input NOR Gate 

CD74HC04E . 

CD54HC04F 

CD74HCT04E 

CD54HCT04F 

14 

Hex Inverter/Buffer 

CD74HC08E 

CD54HC08F 

CD74HCT08E , 

CD54HCT08F 

14 

Quad 2-Input AND Gate 

CD74HC10E 

CD54HC10F 

CD74HCT10E ' 

CD54HCT10F 

14 

Triple 3-Input NAND Gate 

CD74HC11E 

CD54HC11F 

CD74HCT11E 

CD54HCT11F 

14 

Triple 3-Input AND Gate 

CD74HC14E 

CD54HC14F 

CD74HCT14E i 

CD54HCT14F 

14 

Hex Schmitt Trigger Inverter 

CD74HC20E 

CD54HC20F 

CD74HCT20E 

CD54HCT20F 

14 

Dual 4-Input NAND Gate 

CD74HC27E 

CD54HC27F 

CD74HCT27E 

CD54HCT27F 

14 

Triple 3-Input NOR Gate 

CD74HC30E 

CD54HC30F 

CD74HCT30E 

CD54HCT30F 

14 

8-Input NAND Gate 

CD74HC32E 

CD54HC32F 

CD74HCT32E 

CD54HCT32F 

14 

Quad 2-Input OR Gate 

CD74HC42E 

CD54HC42F 

CD74HCT42E 

CD54HCT42F 

14 

BCD-to-Decimal Decoder 

CD74HC73E 

CD54HC73F 

CD74HCT73E 

CD54HCT73F 

14 

Dual J-K Flip-Flop w/CLEAR 

CD74HC74E 

CD54HC74F 

CD74HCT74E 

CD54HCT74F 

14 

Dual D Flip-Flop w/PRESET and CLEAR 

CD74HC75E 

CD54HC75F 

CD74HCT75E 

CD54HCT75F 

16 

4-Bit Bistable Latch 

CD74HC85E 

CD54HC85F 

CD74HCT85E 

CD54HCT85F 

16 

4-Bit Magnitude Comparator 

CD74HC86E 

CD54HC86F 

CD74HCT86E 

CD54HCT86F 

14 

Quad 2-Input Excl. OR Gate 

CD74HC107E 

CD54HC107F 

CD74HCT107E 

CD54HCT107F 

14 

Dual J-K Flip-Flop w/CLEAR 

CD74HC109E 

CD54HC109F 

CD74HCT109E ; 

CD54HCT109F 

14 

Dual J-K Flip-Flop w/PRESET and CLEAR 

CD74HC112E 

CD54HC112F 

CD74HCT112e! 

CD54HCT112F 

16 

Dual J-K Flip-Flop w/PRESET and CLEAR 

CD74HC123E 

CD54HC123F 

CD74HCT123e/ 

CD54HCT123F 

16 

Dual Retriggerable Monostable Multivibrator 

CD74HC132E 

CD54HC132F 

CD74HCT132E 

CD54HCT132F 

14 

Quad 2-Input NAND Schmitt Trigger 

CD74HC138E 

CD54HC138F 

CD74HCT138E 

CD54HCT138F 

16 

3-to-8 Line Decoder 

CD74HC139E 

CD54HC139F 

CD74HCT139E 

CD54HCT139F 

16 

Dual 1-of-4 Line Decoder 

CD74HC147E 

CD54HC147F 

CD74HCT147E 

CD54HCT147F 

16 

10-to-4 Line-Priority Encoder 

CD74HC151E 

CD54HC151F 

CD74HCT151E 

CD54HCT151F 

16 

8-Channel Digital Multiplexer 

CD74HC153E 

CD54HC153F 

CD74HCT153E 

CD54HCT153F 

16 

Dual 4-Input Multiplexer 

CD74HC154E 

CD54HC154F 

CD74HCT154E 

CD54HCT154F 

24 

4-to-1 6-Line Decoder 

CD74HC157E 

CD54HC157F 

CD74HCT157E 

CD54HCT157F 

16 

Quad 2-Input Multiplexer 

CD74HC158E 

CD54HC158F 

CD74HCT158E 

CD54HCT158F 

16 

Quad 2-Input Multiplexer, Inverting 

CD74HC160E 

CD54HC160F 

CD74HCT160E 

CD54HCT160F 

16 

BCD Decade Counter, Asynchronous Reset 

CD74HC161E 

CD54HC161F 

CD74HCT161E 

CD54HCT161F 

16 

4-Bit Binary Counter, Asynchronous Reset 

CD74HC162E 

CD54HC162F 

CD74HCT162E 

CD54HCT162F 

16 

BCD Decade Counter, Synchronous Reset 

CD74HC163E 

CD54HC163F 

CD74HCT163E 

CD54HCT163F 

16 

4-Bit Binary Counter, Synchronous Reset 

CD74HC164E 

CD54HC164F 

CD74HCT164E 

CD54HCT164F 

14 

8-Bit Serial-to-Parallel Shift Register 

CD74HC165E 

CD54HC165F 

CD74HCT165E 

CD54HCT165F i 

16 

8-Bit Parallel-to-Serial Shift Register 

CD74HC166E 

CD54HC166F 

CD74HCT166E 

CD54HCT166F 

16 

8-Bit Serial/Parallel In, Serial Out Shift Register 

CD74HC173E 

CD54HC173F 

CD74HCT173E 

CD54HCT173F 

16 

Quad D Flip-Flop, 3-State 

CD74HC174E 

CD54HC174F 

CD74HCT174E 

CD54HCT174F 

16 

Hex D Flip-Flop w/CLEAR 

CD74HC175E 

CD54HC175F 

CD74HCT175E 

CD54HCT175F 

16 

Quad D Flip-Flop w/CLEAR 

CD74HC190E 

CD54HC190F 

CD74HCT190E 

CD54HCT190F 

16 

Async. Presettable BCD/Decade Up/Down Counter 

CD74HC191E 

CD54HC191F 

CD74HCT191E 

CD54HCT191F 

16 

Presettable Sync. 4-Bit Binary Up/Down Counter 

CD74HC192E 

CD54HC192F 

CD74HCT192E 

CD54HCT192F 

16 

Synchronous Decade Up/Down Counter 

CD74HC193E 

CD54HC193F 

CD74HCT193E 

CD54HCT193F 

16 

Synchronous Binary Up/Down Counter 

CD74HC194E 

CD54HC194F 

CD74HCT194E 

CD54HCT194F 

16 

4-Bit Bidirectional Universal Shift Register 
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The QMOS Product Line (Cont’d) 


CMOS Logic 

! TTL Logic 


Description 

Plastic Pkg. 

CERDIP 

Plastic Pkg. 

CERDIP 

Pins 

CD74HC195E 

CD54HC195F 

CD74HCT195E 

CD54HCT195F 

16 ' 

4-Bit Parallel Shift Register 

CD74HC221E 

CD54HC221F 

CD74HCT221E 

CD54HCT221F 

16 

Dual Monostable Multivibrator 

CD74HC238E 

CD54HC238F 

CD74HCT238E 

CD54HCT238F 

16 

1-of-8 Decoder 

CD74HC240E 

CD54HC240F 

CD74HCT240E 

CD54HCT240F 

20 

Octal Buffer Line Driver, 3-State, Inverting 

CD74HC241E 

CD54HC241F 

CD74HCT241E 

CD54HCT241F 

20 

Octal Buffer Line Driver, 3-State 

CD74HC242E 

CD54HC242F 

CD74HCT242E 

CD54HCT242F 

14 

Quad-Bus Transceiver, 3-State, Inverting 

CD74HC243E 

CD54HC243F 

CD74HCT243E 

CD54HCT243F 

14 

Quad-Bus Transceiver, 3-State 

CD74HC244E 

CD54HC244F 

CD74HCT244E 

CD54HCT244P 

20 

Octal-Buffer Line Driver, 3-State 

CD74HC245E 

CD54HC245F 

CD74HCT245E 

CD54HCT245F 

20 

Octal-Bus Transceiver, 3-State 

CD74HC251E 

CD54HC251F 

CD74HCT251E 

CD54HCT251F 

16 

8-Channel Multiplexer, 3-State 

CD74HC253E 

CD54HC253F 

CD74HCT253E 

CD54HCT253F 

16 

Dual 4-Input Multiplexer, 3-State 

CD74HC257E 

CD54HC257F 

CD74HCT257E 

CD54HCT257F 

16 

Quad 2-Input Multiplexer, 3-State 

CD74HC259E 

CD54HC259F 

CD74HCT259E 

CD54HCT259F 

16 

8-Bit Addressable Latch 

CD74HC266E 

CD54HC266F 

CD74HCT266E 

CD54HCT266F 

14 

Quad 2-Input Excl. NOR 

CD74HC273E 

CD54HC273F 

CD74HCT273E 

CD54HCT273F 

20 

Octal D Flip-Flop w/CLEAR 

CD74HC280E 

CD54HC280F 

CD74HCT280E 

CD54HCT280F 

14 

8-Bit Odd/Even Parity Generator/Checker 

CD74HC297E 

CD54HC297F 

CD74HCT297E 

CD54HCT297F 

16 

Digital Phase-Locked Loop Filter 

CD74HC299E 

CD54HC299F 

CD74HCT299E 

CD54HCT299F 

20 

8-Bit Universal Shift Register 

CD74HC354E 

CD54HC354F 

CD74HCT354E 

CD54HCT354F 

20 

8-lnput Multiplexer, Latched-Data, 3-State 

CD74HC356E 

CD54HC356F 

CD74HCT356E 

CD54HCT356F 

20 

8-Input Multiplexer, Clocked-Latched-Data, 3-State 

CD74HC365E 

CD54HC365F 

CD74HCT365E 

CD54HCT365F 

16 

Hex 3-State Buffer 

CD74HC366E 

CD54HC366F 

CD74HCT366E 

CD54HCT366F 

16 

Hex 3-State Buffer, Inverting 

CD74HC367E 

CD54HC367F 

CD74HCT367E 

CD54HCT367F 

16 

Hex 3-State Buffer 

CD74HC368E 

CD54HC368F 

CD74HCT368E 

CD54HCT368F 

16 

Hex 3-State Buffer, Inverting 

CD74HC373E 

CD54HC373F 

CD74HCT373E 

CD54HCT373F 

20 

Octal Transparent Latch 3-State 

CD74HC374E 

CD54HC374F 

CD74HCT374E 

CD54HCT374F 

20 

Octal D Flip-Flop, 3-State 

CD74HC377E 

CD54HC377F 

CD74HCT377E 

CD54HCT377F 

20 

Octal D-Type Flip-Flop with Data Enable 

CD74HC384E 

CD54HC384F 

CD74HCT384E 

CD54HCT384F 

16 

8-Bit Serial Multiplier 

CD74HC390E 

CD54HC390F 

CD74HCT390E 

CD54HCT390F 

16 

Dual Decade Counter 

CD74HC393E 

CD54HC393F 

CD74HCT393E 

CD54HCT393F 

16 

Dual 4-Bit Binary Counter 

CD74HC423E 

CD54HC423F 

CD74HCT423E 

CD54HCT423F 

16 

Dual Retriggerable Monostable Multivibrator 

CD74HC533E 

CD54HC533F 

CD74HCT533E 

CD54HCT533F 

20 

Octal Transparent Latch, 3-State, Inverting 

CD74HC534E 

CD54HC534F 

CD74HCT534E 

CD54HCT534F 

20 

Octal D Flip-Flop, 3-State, Inverting 

CD74HC540E 

CD54HC540F 

CD74HCT540E 

CD54HCT540F 

20 

Octal Buffer Line Driver, 3-State, Inverting 

CD74HC541E 

CD54HC541F 

CD74HCT541E 

CD54HCT541F 

20 

Octal Buffer Line Driver, 3-State 

CD74HC563E 

CD54HC563F 

CD74HCT563E 

CD54HCT563F 

20 

Octal Transparent Latch, 3-State, Inverting 

CD74HC564E 

CD54HC564F 

CD74HCT564E 

CD54HCT564F 

20 

Octal D Flip-Flop, 3-State, Inverting 

CD74HC573E 

CD54HC573F 

CD74HCT573E 

CD54HCT573F 

20 

Octal Transparent Latch, 3-State 

CD74HC574E 

CD54HC574F 

CD74HCT574E 

CD54HCT574F 

20 

Octal D Flip-Flop, 3-State 

CD74HC640E 

CD54HC640F 

CD74HCT640E 

CD54HCT640F 

20 

Octal Bus Transceiver, 3-State, Inverting 

CD74HC643E 

CD54HC643F 

CD74HCT643E 

CD54HCT643F 

20 

Octal Bus Transceiver, 3-State 

CD74HC646E 

CD54HC646F 

CD74HCT646E 

CD54HCT646F 

20 

Octal Bus Transceiver, 3-State 

CD74HC648E 

CD54HC648F 

CD74HCT648E 

CD54HCT648F 

20 

Octal Bus Transceiver, 3-State, Inverting 

CD74HC670E 

CD54HC670F 

CD74HCT670E 

CD54HCT670F 

16 

4x4 Register File, 3-State 

CD74HC688E 

CD54HC688F 

CD74HCT688E 

CD54HCT688F 

20 

8-Bit Equality Comparator 

CD74HC4002E 

CD54HC4002F 

CD74HCT4002E 

CD54HCT4002F 

14 

Dual 4-Input NOR Gate 

CD74HC4015E 

CD54HC4015F 

CD74HCT4015E 

CD54HCT4015F 

16 

Dual 4-Stage Serial In/Parallel Out Shift Register 

CD74HC4016E 

CD54HC4016F 

CD74HCT4016E 

CD54HCT4016F 

14 

Quad Bilateral Switch 

CD74HC4017E 

CD54HC4017F 

CD74HCT4017E 

CD54HCT4017F 

16 

Decade Counter/Divider 

CD74HC4020E 

CD54HC4020F 

CD74HCT4020E 

CD54HCT4020F 

16 

14-Bit Binary Counter 

CD74HC4024E 

CD54HC4024F 

CD74HCT4024E 

CD54HCT4024F 

14 

7-Stage Binary Counter 

CD74HC4040E 

CD54HC4040F 

CD74HCT4040E 

CD54HCT4040F 

16 

12-Bit Binary Counter 

CD74HC4046E 

CD54HC4046F 

CD74HCT4046E 

CD54HCT4046F 

16 

Phase-Locked Loop 

CD74HC4049E 

CD54HC4049F 

— 

— 

16 

Hex Buffer, Inverting 

CD74HC4050E 

CD54HC4050F 

— 

— 

16 

Hex Buffer 

CD74HC4051E 

CD54HC4051F 

CD74HCT4051E 

CD54HCT4051F 

16 

8-Channel Analog MUX/DEMUX 

CD74HC4052E 

CD54HC4052F 

CD74HCT4052E 

CD54HCT4052F 

16 

Dual 4-Channel Analog MUX/DEMUX 

CD74HC4053E 

CD54HC4053F 

CD74HCT4053E 

CD54HCT4053F 

16 

Triple 2-Channel Analog MUX/DEMUX 

CD74HC4060E 

CD54HC4060F 

CD74HCT4060E 

CD54HCT4060F 

16 

14-Stage Binary Counter w/Oscillator 

CD74HC4066E 

CD54HC4066F 

CD74HCT4066E 

CD54HCT4066F 

14 

Quad Bilateral Switch 

CD74HC4067E 

CD54HC4067F 

CD74HCT4067E 

CD54HCT4067F 

24 

16-Channel Analog Multiplexer/Demultiplexer 

CD74HC4075E 

CD54HC4075F 

CD74HCT4075E 

CD54HCT4075F 

14 

Triple 3-Input OR Gate 

CD74HC4094E 

CD54HC4094F 

CD74HCT4094E 

CD54HCT4094F 

16 

8-Stage Shift-and-Store Bus Register 

CD74HC4511E 

CD54HC4511F 

CD74HCT4511E 

CD54HCT4511F 

16 

BCD-to-7-Segment Latch/Decoder/Driver 

CD74HC4514E 

CD54HC4514F 

CD74HCT4514E j 

CD54HCT4514F 

24 

4-to-16-Line Decoder w/Latch 

CD74HC4518E 

CD54HC4518F 

CD74HCT4518E 

CD54HCT4518F 

16 

Dual BCD Up Counter 

CD74HC4520E 

CD54HC4520F 

CD74HCT4520E 

CD54HCT4520F 

16 

Dual Binary Up Counter 

CD74HC4538E 

CD54HC4538F 

CD74HCT4538E 

CD54HCT4538F 

14 

Dual Retriggerable Precision Monostable Multivibrator 

CD74HC40102E 

CD54HC40102F 

CD74HCT40102E 

CD54HCT40102F 

16 

Dual Decade BCD Down Counter 

CD74HC4Q103E 

CD54HC40103F 

CD74HCT40103E 

CD54HCT40103F 

16 

8-Bit Binary Down Counter 

CD74HC40104E 

CD54HC40104F 

CD74HCT40104E 

CD54HCT40104F 

16 

4-Bit Bidirectional Universal Shift Register, 3-State 

CD74HC40105E 

CD54HC40105F 

CD74HCT40105E 

CD54HCT40105F 

16 

FIFO Shift Register 


Note: Add package suffix code to part number on all orders. 

E=Dual-ln-Line Plastic Package— Temp. Range=— 40° C to +85° C. 

F=Dual-ln-Line Frit-Seal Ceramic Package (CERDIP)— Temp. Range=-55°C to +125°C. 
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CMOS 1C Packages 



E Suffix 

Plastic Dual- In- Line Packages 


8,14,16,18,22,24, and 40-lead Versions 


F Suffix 

Frit-Seal Ceramic Dual- In- Line Packages 


K Suffix 

Ceramic Fiat Packages 


T Suffix 

12- Lead TO-5 Style Package 





14, 16, and 24-lead Versions 


CD4024A and CD4062A only 


Ordering Information 


Most RCA CMOS integrated circuits are available in the 
following package styles and are identified by the Suffix 
Letters indicated below; dual-in-line ceramic, dual-in-line 
frit-seal ceramic, dual-in-line plastic, ceramic flat package, 
and in chip form. Some types are only available in one or two 
package styles. The available package styles for any specific 
type are given in the technical data for this type. 

When order CMOS devices, it is important that the appropri- 
ate suffix letter be affixed to the type number of the device 
required. For example, a CD4016B in a dual-in-line ceramic 
package will be identified as the CD4016BD. 


Package 

Suffix 

Letters 

Dual-In-Line Welded-Seal or 

D 

Side-Brazed Ceramic 


Dual-In-Line Frit-Seal Ceramic 

F 

Dual-ln-Line Plastic 

E 

Ceramic Flat Package 

K 

TO-5 Style 

T 

Chip 

H 


H Suffix 
CMOS Chip 
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Functiona! Diagrams 



(Page 478) 
(Page 58) 
(Page 62) 


(Page 489) 
(Page 78) 


Quad 2-Input NAND Gate 
CD4011A (Page 492) 

CD4011B (Page 82) 

CD4011UB (Page 86) 


Dual "D" Flip-Flop with 
Set/Reset Capability 
CD4013A (Page 495) 

CD4013B (Page 90) 


llsTAGEmSTAcJl ° 


18-Stage Static Shift 
Register 


CD4006A 

CD4006B 


(Page 481) 
(Page 66) 


Vss-^ Vdd-16 


Hex Buffer/Converter 
Non-Inverting Type 


CD4010A 

CD4010B 


(Page 489) 
(Page 78) 


PAR. IN- DD 


I 2345678 


7 6 5 413 14 15 I 16 


I2CS-25047 

Vss 

8-Stage Synchronous Shift 
Register with Parallel or 
Serial Input/Serial Output 
CD4014A (Page 498) 

CD4014B (Page 94) 


BUFFERED OUT. 


















Functional Diagrams 
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BUFFERED OUT. 


















Functional Diagrams 



Duat J-K Master-SJave 
Flip-Flop with Set-Reset 
Capability 

CD4027A (Page 532) 

CD4027B (Page 132) 


MODE CONTROL 64 

CONT LOGIC — STAGES DATA 

RECIRC , OUT 

DATA 2 — 6 

I Tl DATA 

OUT 

CLOCK 2 CL .. " — 

IN — CLOCK — " ' 

LOGIC 


1/2 I O' 
STAGE 


DELAYED 

CLOCK 

VoD=I6 out 

^ss ■ ® 

NC = 3,4,11,12,13.14 


64-Stage Static Shift 
Register 


CD4031A 

CD4031B 


(Page 543) 
(Page 149) 



4-Stage Parallel In/Parallel 
Out Shift Register with 
J-K Serial Inputs and True/ 
Complement Outputs 


CD4035A 

CD4035B 


(Page 553) 
(Page 164) 



«2 

B2 

INVERT 2 


A3 — 
INVERT, _2 

Cl ^ 

orecT ^ 





Triple Serial Adder 
Positive Logic 


Decade Counter/Divider 
with 7-Segment Display 
Outputs and Ripple Blanking 


CD4032A 

CD4032B 


(Page 546) 
(Page 154) 


CD4033A 

CD4033B 


(Page 528) 
(Page 126) 


8-Stage Static Bidirectional 
Parallel/Serial Input/Output 
Bus Register 

CD4034A (Page 549) 

CD4034B (Page 158) 



B2 

INVERT 2 


Q|/0| Q2/Q2 O3/OJ Q4/O4 


T/C OUT 

9PCS-I9966RI 


AND/OR PAIR 

AND/OR PAIR 


Triple AND/OR Bi-Phase 
Pair 




Triple Serial Adder 
Negative Logic 


12-Stage Ripple-Carry Binary 
Counter/Divider 


CD4038A 

CD4038B 


(Page 546) 
(Page 154) 


CD4040A 

CD4040B 


(Page 558) 
(Page 122) 
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Functional Diagrams 






Quad True/Complement 
Buffer 


CD4041 A 
CD4041UB 


(Page 561) 
(Page 169) 



POLARITY L_d Nrt ^ 

60 * -j J 

''ddO^ 

VssO^ 

Quad Clocked "D" Latch 


CD4042A 

CD4042B 


(Page 565) 
(Page 172) 




92CS-2022IRI 

vss 

Quad 3-State NOR R/S 
Latch 


CD4043A 

CD4043B 


(Page 568) 
(Page 176) 



vss 

Quad 3-State NAND R/S 
Latch 

CD4044A (Page 568) 

CD4044B (Page 176) 


M ^ P W _Qf 

2'" SHAPER ^ 

STAGE ^ 

.COUNTER P. w. I Q r 


4 , 5 , 6 , 9 . 10 . 11 . 12.13 = 


21 -Stage Counter 


CD4045A 

CD4045B 


(Page 571) 
(Page 180) 



Vss (8) Q5)2ENER » 

Micropower Phase- Locked Loop 


CD4046A 

CD4046B 


(Page 574) 
(Page 184) 


► LOW 
POWER 
ASTABLE 
MULTIVIBRATOR 



Low-Power Monostable/Astable 
Multivibrator 


CD4047A 

CD4047B 


(Page 579) 
(Page 190) 


BINARY CONTROL INPUTS 

FUNCTION CONTROL 

hf ^ ^ 3“STA^E 

^0 /CONTROL 



I 3^ 


vss=o 

Vdo*I6 

Multi-Function Expandable 
8-Input Gate 


CD4048A 

CD4048B 


(Page 585) 
(Page 197) 


NC = 13 

NC - 16 92CS-27506 

Hex Buffer/Converter 
Inverting Type 


CD4049A 

CD4049UB 


(Page 590) 
(Page 202) 
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Functional Diagrams 



Triple 2-Channel 4-Segment Liquid-Crystal 

Multiplexer/Demultiplexer Display Driver 

CD4053B (Page 206) CD4054B (Page 213) 



with "Display-Frequency" Output 
Liquid-Crystal Display Driver 

CD4055B (Page 213) 




o 

CM 


2' @1 

I 

2^ ©i 

< 

-I 

.2^ SH- 



3 o o |— I 

,UJO 

oCOUJ 


n 

'-|<D« 
-KDc 

-j-©- 

-|-<§)e 


d^^out 


1 

92CS-2009IR2 

BCO-to-7-Segment Decoder/ Driver 
with Strobed-Latch Function 
Li quid -Crystal Display Driver 

CD4056B (Page 213) 












Functional Diagrams 



200-Stage Dynamic 
Shift Register 


Multipiexer/Demultiplexer 
D4067B (Page 231) 
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Functional Diagrams 


J = AB C D E F G H 
K»A B C D E F G H 


6.8* NO CONNECTION 


8-lnput NAND/AND Gate 
D4068B (Page 237) 


Hex Inverter 

CD4069UB (Page 240) 



I 



I 2 

Ih V 

9 

8 

ZP r- 


3 



4 

Zb 

6 

5 

ZP r 


II 



J2. 

bb — V 

lO 

• J1 




DATA INPUT 
DISABLE 
Gl G2 
91 101 


Triple 3-Input AND Gate 
CD4073B (Page 250) 


OUTPUT 
DISABLE 
CLOCK M N 

71 I 1 .21 


_ AD-TrPE| 

flip/flcps I 

WITH 

_ AND- OR 

LOGIC 1 


ll5 Vss=8 

RESET Vdo=I6 


4-Bit D-Type Register 

CD4076B (Page 254) 



I 




2 

_ZI 

L>- 

_5_ 

5 




6 

n 

Lx 


_8_ 




_9_ 

n 

LX 

IQ 

]2_ 




_I3 

n 

rx 

JJ_ 


I — I 



J=A0B M=G0H 
K =C0D L =E0F 


Quad Exclusive-NOR Gate 
CD4077B (Page 243) 


1 J =A+B+C-FD-FE+F-t-G + H 

I K = A+B+C + DfE + F-fG-i-H 

6.8=NC 
Vdd = I^ 


8-lnput NOR/OR Gate 
CD4078B (Page 258) 
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Functional Diagrams 



Quad 2-Input AND Gate 
CD4081B (Page 250) 




DATA 2 ' 
CLOCK 3 


LOGIC I H HIGH 
LOGIC Os LOW 


J * INH +ENABLE + AB+CDf EFf GH 92CS-23870RI 

Expandable 4-Wide, 2-input 

AND-OR-INVERT (AOI) 

Gate 

CD4086B (Page 265) 


SERIAL 

OUTPUTS 


8-STAGE 

SHIFT 

•REGISTER 


8-BIT 

STORAGE 

REGISTER 


OUTPUT VnD=l6 

ENABLE 15 3-STATE y^c-B 
OUTPUTS 


PARALLEL OUTPUTS QI-Q8 

(TERMINALS 4,5,6, 7, 14,13,12,11, 
RESPECTIVELY) 

92CS- 24564RI 

8-Stage Shift-and-Store 
Bus Register 

CD4094B (Page 278) 


J2 -g — I J — J Q~Q 

CK^f CL 

Kl - — \ 

K2 V- K Q ~ Q 

K3-^— ] y R 

ET VOD • l< 

Vss=7 
NC =1 

92CS-24427RI 

Gated J-K Master-Slave 
Flip-Flop, Non-Inverting 
Inputs 




E = INHIBIT + AB+CO 
'[)d = I4 logic I s high 

,,..7 LOGIC 05 LOW 

SS ■ ' 

92CS-23890R2 

Dual 2-Wide, 2-Input 
AND-OR-INVERT (AOI) 

Gate 

D4085B (Page 261) 


► is" OUT 

• INHIBIT(CARRY)0UT 




Binary Rate Multiplier 

CD4089B (Page 269) 


92CS-23880 
Quad 2-Input NAND 
Schmitt Trigger 



Gated J-K Master-Slave 
Flip-Flop, Inverting and 
Non-Inverting Inputs 
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Functional Diagrams 




Vqd 24 

Vss=l2 92CS-24< 

Differential 8-Channel 
Multiplexer/Demultiplexer 


THREE-STATE 
OUTPUT JL 
DISABLE 

INHIBIT — 
01-^ 



92CS-2292IRI 

Strobed Hex Inverter/Buffer 


BCD Presettable Up/Down 
Counter 

CD4510B (Page 305) 


DISABLE i — I I 

ISsVqq 8 = VsS S2CS-32392RI 

Hex Buffer 
3-State Non-Inverting 
CD4503B (Page 298) 




WRITE DISABLE ■ 
DATA 


I5l 14 RxCx (2) 

HM-aaa^ 

Cx2 RX2 


RX2 vdd 

92CS- 24253 


Dual Monostable 
Multivibrator 


(Page 286) 


8-Bit Addressable Latch 
CD4099B (Page 291) 


J 3-STATE L 
lOUTPUTSf 


7-SEGMENT 

OUTPUTS 



QOB 

QIB 

. 3 -STATE Q2B 

0UTPUT.S 

— -Q3B 


Dual 4-Bit Latch 
CD4508B (Page 301) 


3-STATE DISABLE - 
INHIBIT 


02-3 - 
CHANNEL/03-4 - 
INPUTS )04-9- 


BC D -to-7 -Seg men t 
Latch Decoder Driver 


8-Channei Data Selector 
CD4512B (Page 316) 
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Functional Diagrams 


LATCHm^^°'® ■ 
J \in DECODER ■ 


4-Bit Latch/4-to-16 
Line Decoder 


(Page 319) 


Output "High" on Select 


Output "Low" on Select 




lO I3 q3 

ENABLE B 

■^Q4B 

RESET B n VdD“I6 

I5 1 Vss*8 

92CS-24506RI 

Dual Up Counter 

CD4518B (Page 328) 

BCD 

CD45^0B (Page 328) 

Binary 



BCD Rate Multiplier 


(Page 333) 


I INHfmT 



DECODER 



Vqd''® Vss'B 


Programmable Timer 


Dual Precision Monostable 
Multivibrator 

CD4538B (Page 350) 


7(0) 64- BIT _ 

DATA(DI)0-^ SHIFT 

WRITE ^3(13) register 

enableO— 

1(15)^ 6(10)^ 2(14^ 5(11^ 

WE=0— 016-032-— Q48—Q64 
WE= I--DI7---033--D49 — HiZ 

I OF 2 SHIFT REGISTERS. TERM. Not- 
IN PARENTHESES ARE FOR 2ND HALF 


Dual 64-Bit Shift Register 
5D4517B (Page 323) 
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Functional Diagrams 





12) d >7 SEGMENT 
>< I OUTPUTS 
^ e 


BCD-to-7-Segment Latch/Decoder/Driver 

CD4543B (Page 360} 




Vqq»16 V53*8 

92CS-30375 


4- Bit Magnitude Comparator 




18 

'/ss 

92CS -229I8RI 


Dual Binary-to-l-of-4 
Decoder/Demultiplexer 
Output "High" on Select 

D4555B (Page 366) 


WRITE DISABLE - 
DATA 


(Page 371) 


8-Bit Addressable Latch 
:D4724B (Page 375) 




! — - 1 



\ 


Eh 


4 

1^ 

dj- 

\ 

d}- 

A 


5 

[S“ 


\kr 

[li]- 


9 

[i§L 

•0^ 

. 

' dh 



10 

X 

3 

1' X 

7 

2' X 

6 

3' X 



4-by-4 Crosspoint Switch 
with Control Memory 
CD22100 (Page 636) 


4-by-4-by-2 Crosspoint Switch 
with Control Memory 

CD22101 (Page 641) 
CD22102 (Page 641) 
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Functional Diagrams 


CTX 
NRZ IN 
HDB3/rMl 

■*‘HDB3 IN 
"HOBS IN 
LTE 



HDB3 OUT 
“HDB3 OUT 
CKR 


HDB3 Transcoder 


(Page 649) 


Ivoo 35 Vss 
39 F 


OSCILLATOR . 
INPUT 


4-Digit Decoder Driver 

CD22105 (Page 661) 

Hexadecimal Display 

CD22105A (Page 661) 

Decimal Display 


1 |Vqd 

35|Vss 

27 

40 

39 

38 

37 

28 

4 

29 

3 

30 

2 

31 

12 

II 

10 

9 

32 

8 

33 

7 

34 

6 

36 

19 ■ 
18 - 
17 ■ 
16 ■ 
15 ■ 
14 ■ 
13 ■ 


26 ■ 
25 ■ 
24 ■ 
23 ■ 
22 - 
21 ■ 
20 ■ 
5 ■ 


D2 SEGMENT 
OUTPUTS 


CD22104 (Page 656) 

Hexadecimal Display 


BACKPLANE 

INPUT/OUTPUT 


4-Digit Decoder Driver 

ie656) CD22104A (Page 656) 

>isplay Decimal Display 


GND SUBSTRATE BIAS 



PCM Line Repeater 


CD22301 (Page 666) 
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INPUTS B- ~ 

Ib+ — 

FILTER \TXI 'll 

INPUTS RXI-J^ 
' 1 1 
T1MING\CCI-- 


LEVELJ „ 9 
SHIFT jVLS-H 
INPUT ‘ 

Vnn 



I OP AMP 
[OUTPUTS 


TXO )0UTPUTS 


5=8 VAG=I 

92CS -33227 


16-Channel Precision 
Timer/Driver 

CD22401 (Page 670) 


Pulse Code Modulation 
Sampled - Data Filters 


CD22413 

CD22414 


(Page 676) 
(Page 676) 



Dual-Tone Multifrequency Tone Generator 

CD22859 (Page 683) 


Vss 

92CM-33099 



LEFT/RIGHT 

CONTROL 


SHIFT 

1.3 

SHIFT 

RIGHT 


RIGHT 

IN „ 


12 

CLOCK 



3 

CLOCK 

INHIBIT 


SHIFT 

LEFT 

SHIFT ^ 


4 

6 


Vqd* 16 

NC* 1.5.7. 
10,14,15 


VSS^B 


RECIRCULATE 

CONTROL 92CS- 27567 


32-Stage Static 
Left/Right Shift 
Register 


CD40100B (Page 379) 



9-Bit Parity Generator/Checker 


CD40101B (Page 384) 


8-STAGE 

DOWN 

COUNTER 


8-Stage Presettable 
Synchronous Down Counter 


CD40102B (Page 387) 

2-Decade BCD 

CD40103B (Page 387) 

8-Bit Binary 


rso 

MODE 1 

SELECT 1 S| 


I V[)[)-I6 

I Vss ■ 8 

92CS-248162R2 


CLOCK ' 

4-Bit Universal Bidirectional 
Shift Register 

3-State Outputs 

CD40104B (Page 394) 


4 


13 

5^ 


12 

6 


II 

7 


10 



j4 

1 2 


15 


IT 

Vdd' 


READY 
SHIFT OUT 


Vss=8 

92CS-27202 


FIFO Register 

4-Bits Wide by 16-Bits Long 

CD40105B (Page 401) 
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NUMBERS IN PARENTHESES FOR CD40I07BF. 
OTHERS FOR CD40I07BE 


Dual 2-Input NAND 
Buffer/Driver 

CD40107B (Page 410) 


INPUT 

3,6,10,14 O LEVEL ' 

SHIFT 


CLOCK UP- 
CLOCK OOWN- 


OUTPUT 
>— O 4,5,11.13 


I OF 4 

independently enable 

LEVEL SHIFTERS 


A_r' 

0 -Jvss 


ENABLE 

2,7,9,15 O 

^CC 

Vss 


Quad Low-to-High 
Voltage Level Shifter 

CD40109B (Page 418) 



I WORD A 
02 I OUTPUT 


“ I WORD B 
- — 02 I OUTPUT 


CLOCK 3 -STATE 8 
92CS 
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8-Bit Universal Bidirectional 
CMOS/TTL Level Converter 

CD40115 (Page 687) 


Vcc=22 

Vss=ll.l2 92CS-32569R1 

8-Bit Universal Bidirectional 
CMOS/TTL Level Converter 

CD40116 (Page 689) 


Decade Up-Down Counter/ 
Decoder/Latch/Driver 


CD40110B (Page 422) 


CONTROL 
/ STROBE data'' 


4 PULL-UP OR 
PULL-DOWN 
RESISTORS 


4 PULL-UP OR 
PULL- DOWN 
RESISTORS 


STROBE DATA 
B B 

CONTROL 


Programmable Dual 4-Bit 
Terminator 

CD40117B (Page 431) 
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10-Line-to-4-Une 
BCD Priority Encoder 

CD40147B (Page 435) 
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I4 

lO 



I 


I3 

9^ 



2 


I2 

3 



4 


II 

5 
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CD40162B (Page 438) 

Decade with Synchronous 
Clear 

CD40163B (Page 438) 
Binary with Synchronous 
Clear 


Synchronous 4-Bit Counter 

(Page 438) CD40160B (Page 438) 

nchronous Decade with Asynchronous 
Clear 

(Page 438) CD40161B (Page 438) 

ichronous Binary with Asynchronous 
Clear 






LOOK 

. p Lahead 

—I CARRY 

^ OUTPUTS 


4-Bit Arithmetic Logic Unit 

Active-Low Data Active-High Data 

CD40181B (Page 455) 


CARRY IN 
Von= 16 



Look-Ahead Carry Generator 

CD40182B (Page 460) 



CLOCK UP 
CLOCK DOWN 


Presettable Up/Down Counter 
(Dual Clock with Reset) 

CD40192B (Page 464) 

BCD 

CD40193B (Page 464) 
Binary 



MODE j£2. 
SELECT 1 s. 


4-Bit Universal Bidirectional Shift 
Register with Asynchronous Master Reset 

CD40194B (Page 394) 
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Functional Diagrams 



I WORD A 
02 I OUTPUT 


I WORD B 

2_q2 I OUTPUT 


CLOCK ENABLE E 


4-by-4 Multiport Register 



(Page 469) 


Quad 2-Line-to-l-Line 
Data Selector/Multiplexer 

:D40257B (Page 474) 


analog 

SUPPLY 


w /::5i digital 
VdD '•“(jP SUPPLY 

1 (9) OVERFLOW 


-(!5 6-BIT 
^ PARALLEL 
X OUTPUT 


DECODER 

LOGIC 

AND X 

■ STORAGE Q3) LSB 


3/4 REF|| 
M/2 REF@ 
1 1/4 REF (Is 


■W 8- BIT 
■(& PARALLEL 
^ OUTPUT 


DECODER 

LOGIC 

AND 

■ STORAGE 
REGISTER 



-1-1 I I 

\AUTO BALANCE 

Vss 'comparators 

4i ® OSes 


diod" ''ss clock phase ref- 


analog . ' — I 

GROUND ♦ t 1 

© (g) (© ® 

agnd clock phase -ref 


VAUTO BALANCE 
COMPARATORS 


6-Blt Flash A/D Converter 


8-Bit Flash A/D Converter 


CA3308 (Page 631) 

CA3308A (Page 631) 
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Cross-Reference Guide 


This guide provides a quick reference to a wide variety of industry CMOS logic 
integrated circuits that can be replaced by RCA types. 

The RCA types listed as replacements are electrically and mechanically equivalent to 
the corresponding industry types and can be used as direct replacements in most 
applications. The recommendations are based on the electrical and mechanical data 
published by various solid-state device manufacturers. 

Before substituting any replacement type in a particular application, the user should 
review the operating conditions of the particular application with the specifications of 
the type he is planning to use as the substitute type. 



Industry 

Type 

RCA 

Replacement 

Type 

CD4000CN 

CD4000AE 

CD4000MD 

CD4000AD 

CD4000MJ 

CD4000AF 

CD4001BCJ 

CD4001BF 

CD4001BCN 

CD4001BE 

CD4001BMD 

CD4001BD 

CD4001BMJ 

CD4001BF 

CD4002BCJ 

CD4002BE 

CD4002BCN 

CD4002BE 

CD4002BMD 

CD4002BD 

CD4002BMJ 

CD4002BF 

CD4002CN 

CD4002AE 

CD4002MD 

CD4002AD 

CD4002MJ 

CD4002AF 

CD4006BCJ 

CD4006BF 

CD4006BCN 

CD4006BE 

CD4006BMD 

CD4006BD 

CD4006BMJ 

CD4006BF 

CD4006CN 

CD4006AE 

CD4006MD 

CD4006AD 

CD4006MJ 

CD4006AF 

CD4007CN 

CD4007AE 

CD4007MD 

CD4007AD 

CD4007MJ 

CD4007AF 

CD4007UBMD 

CD4007UBD 

CD4007UBCN 

CD4007UBE 

CD4008BCJ 

CD4008BF 

CD4008BCN 

CD4008BE 

CD4008BMD 

CD4008BD 

CD4008BMJ 

CD4008BF 

CD4009CN 

CD4009AE 

CD4009MD 

CD4009AD 

CD4009MJ 

CD4009AF 

CD4010CN 

CD4010AE 

CD4010MD 

CD4010AD 


industry 

Type 

RCA 

Replacement 

Type 

CD4010MJ 

CD4010AF 

CD4011BCJ 

CD4011BF 

CD4011BCN 

CD4011BE 

CD4011BMD 

CD4011BD 

CD4011BMJ 

CD4011BF 

CD4012BMD 

CD4012BD 

CD4012CN 

CD4012AE 

CD4012MD 

CD4012AD 

CD4012MJ 

CD4012AF 

CD4013BCJ 

CD4013BF 

CD4013BCN 

CD4013BE 

CD4013BMD 

CD4013BD 

CD4013BMJ 

CD4013BF 

CD4014BCJ 

CD4014BF 

CD4014BMD 

CD4014BD 

CD4014BMJ 

CD4014BF 

CD4014CN 

CD4014AE 

CD4014MD 

CD4014AD 

CD4014MJ 

CD4014AF 

CD4015BCJ 

CD4015BF 

CD4015BCN 

CD4015BE 

CD4015BMD 

CD4015BD 

CD4015BMJ 

CD4015BF 

CD4015CN 

CD4015AE 

CD4015MD 

CD4015AD 

CD4015MJ 

CD4015AF 

CD4016BCJ 

CD4016BF 

CD4016BCN 

CD4016BE 

CD4016BMD 

CD4016BD 

CD4016BMJ 

CD4016BF 

CD4016CN 

CD4016AE 

CD4016MD 

CD4016AD 

CD4016MJ 

CD4016AF 

CD4017BCJ 

CD4017BF 

CD4017BCN 

CD4017BE 


Industry 

Type 

RCA 

Replacement 

Type 

CD4017BMD 

CD4017BD 

CD4017BMJ 

CD4017BF 

CD4018BCN 

CD4018BE 

CD4018BMD 

CD4018BD 

CD4018BMJ 

CD4018BF 

CD4019BCJ 

CD4018BF 

CD4019BCJ 

CD4019BE 

CD4019BMD 

CD4019BD 

CD4019BMJ 

CD4019BF 

CD4020BCJ 

CD4020BF 

CD4020BCN 

CD4020BE 

CD4020BMD 

CD4020BD 

CD4020BMJ 

CD4020BF 

CD4021BCJ 

CD4021BF 

CD4021BCN 

CD4021BE 

CD4021BMD 

CD4021BD , 

CD4021BMJ 

CD4021BF 

CD4021CN 

CD4021AE 

CD4021MD 

CD4021AD 

CD4021MJ 

CD4021AF 

CD4022BCJ 

CD4022BF 

CD4022BCN 

CD4022BE 

CD4022BMD 

CD4022BD 

CD4022BMJ 

CD4022BF 

CD4023BCJ 

CD4023BF 

CD4023BCN 

CD4023BE 

CD4023BMD 

CD4023BD 

CD4023BMJ 

CD4023BF 

CD4023CN 

CD4023AE 

CD4023MD 

CD4023AD 

CD4023MJ 

CD4023AF 

CD4024BCJ 

CD4024BF 

CD4024BCN 

CD4024BE 

CD4024BMD 

CD4024BD 

CD4024BMJ 

CD4024BF 
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industry 

Type 

RCA 

Replacement 

Type 

CD4025BCJ 

CD4025BF 

CD4025BCN 

CD4025BE 

CD4025BMD 

CD4025BD 

CD4025BMJ 

CD4025BF 

CD4025CN 

CD4025AE 

CD4025MD 

CD4025AD 

CD4025MJ 

CD4025AF 

CD4027BCJ 

CD4027BF 

CD4027BCN 

CD4027BE 

CD4027BMD 

CD4027BD 

CD4027BMJ 

CD4027BF 

CD4027DM 

CD4027BD 

CD4028BCJ 

CD4028BF 

CD4028BCN 

CD4028BE 

CD4028BMD 

CD4028BD 

CD4028BMJ 

CD4028BF 

CD4029BCJ 

CD4029BF 

CD4029BCN 

CD4029BE 

CD4029BMD 

CD4029BD 

CD4029BMJ 

CD4029BF 

CD4030BMD 

CD4030BD 

CD4030MD 

CD4030AD 

CD4030MJ 

CD4039AF 

CD4031BCN 

CD4031BE 

CD4031BDM 

CD4031BD 

CD4031BMD 

CD4031BD 

CD4031BMJ 

CD4031BF 

CD4034BCN 

CD4034BE 

CD4034BMD 

CD4034BD 

CD4034BMJ 

CD4034BF 

CD4035BCN 

CD4035BE 

CD4035BMD 

CD4035BD 

CD4035BMJ 

CD4035BF 

CD4040BCJ 

CD4040BF 

CD4040BCN 

CD4040BE 

CD4040BMD 

CD4040BD 

CD4040BMJ 

CD4040BF 

CD4041BMD 

CD4041UBD 

CD4041CJ 

CD4041UBF 

CD4041CN 

CD4041AE 

CD4041MD 

CD4041AD 

CD4041MJ 

CD4041AF 

CD4042BCJ 

CD4042BF 

CD4042BCN 

CD4042BE 

CD4042BMD 

CD4042BD 

CD4042BMJ 

CD4042BF 

CD4043BMD 

CD4043BD 

CD4043CN 

CD4043AE 

CD4043MD 

CD4043AD 

CD4043MJ 

CD4043AF 

CD4044BMD 

CD4044BD 

CD4044CN 

CD4044AE 

CD4044MD 

CD4044AD 

CD4044MJ 

CD4044AF 

CD4045BMD 

CD4045BD 


Industry 

Type 

RCA 

Replacement 

Type 

CD4046BCN 

CD4046BE 

CD4046BMD 

CD4046BD 

CD4046BMJ 

CD4046BF 

CD4047BCN 

CD4047BE 

CD4047BMD 

CD4047BD 

CD4047BMJ 

CD4047BF 

CD4048BCJ 

CD4048BF 

CD4048BCN 

CD4048BE 

CD4048BMD 

CD4048BD 

CD4048BMJ 

CD4048BF 

CD4049BMD 

CD4049UBD 

CD4049BPC 

CD4049UBE 

CD4049CN 

CD4049AE 

CD4049MD 

CD4049AD 

CD4049MJ 

CD4049AF 

CD4050BCJ 

CD4050BF 

CD4050BCN 

CD4050BE 

CD4050BMD 

CD4050BD 

CD4050BMJ 

CD4050BF 

CD4051BCJ 

CD4051BF 

CD4051BMD 

CD4051BD 

CD4051BMJ 

CD4051BF 

CD4052BCJ 

CD4052BF 

CD4052BCN 

CD4052BE 

CD4052BMD 

CD4052BD 

CD4052BMJ 

CD4052BF 

CD4053BCJ 

CD4053BF 

CD4053BCN 

CD4053BE 

CD4053BMD 

CD4053BD 

CD4053BMJ 

CD4053BF 

CD4060BCJ 

CD4060BF 

CD4060BCN 

CD4060BE 

CD4060BMD 

CD4060BD 

CD4060BMJ 

CD4060BF 

CD4066BCJ 

CD4066BF 

CD4066BCN 

CD4066BE 

CD4066BMD 

CD4066BD 

CD4066BMJ 

CD4066BF 

CD4066BPC 

CD4066BE 

CD4069CN 

CD4069AE 

CD4069MD 

CD4069AD 

CD4069MJ 

CD4069AF 

CD4069UBMD 

CD4069UBD 

CD4070BCJ 

CD4070BF 

CD4070BCN 

CD4070BE 

CD4070BMD 

CD4070BD 

CD4070BMJ 

CD4070BF 

CD4070CN 

CD4070AE 

CD4070MD 

CD4070AD 

CD4070I\/IJ 

CD4070AF 

CD4071BCJ 

CD4071BF 

CD4071BCN 

CD4071BE 

CD4071BMD 

CD4071BD 

CD4071BMJ 

CD4071BF 

CD4072BMD 

CD4072BD 


Industry 

Type 

RCA 

Replacement 

Type 

CD4073BCJ 

CD4073BF 

CD4073BCN 

CD4073BE 

CD4073BMD 

CD4073BD 

CD4073BMJ 

CD4073BF 

CD4075BCJ 

CD4075BF 

CD4075BCN 

CD4075BE 

CD4075BMD 

CD4075BD 

CD4075BMJ 

CD4075BF 

CD4076BCJ 

CD4076BF 

CD4076BCN 

CD4076BE 

CD4076BMD 

CD4076BD 

CD4076BMJ 

CD4076BF 

CD4081BCJ 

CD4081BF 

CD4081BCN 

CD4081BE 

CD4081BMD 

CD4081BD 

CD4081BI\/IJ 

CD4081BF 

CD4089BCJ 

CD4089BE 

CD4089BMD 

CD4089BD 

CD4089BMJ 

CD4089BF 

CD4093BCJ 

CD4093BF 

CD4093BCN 

CD4093BE 

CD4093BMD 

CD4093BD 

CD4093BMJ 

CD4093BF 

CD4099BCJ 

CD4099BF 

CD4099BCN 

CD4099BE 

CD4099BMD 

CD4099BD 

CD4099BMJ 

CD4099BF 

CD4503BCJ 

CD4503BF 

CD4503BCN 

CD4503BE 

CD4503BMJ 

CD4503BF 

CD4503BMD 

CD4503BD 

CD4510BCJ 

CD4510BF 

CD4510BCN 

CD4510BE 

CD4510BMD 

CD4510BD 

CD4510BMJ 

CD4510BF 

CD4511BCJ 

CD4511BF 

CD4511BCN 

CD4511BE 

CD4511BMD 

CD4511BD 

CD4512BCJ 

CD4512BF 

CD4512BCN 

CD4512BE 

CD4512BMD 

CD4512BD 

CD4512BMJ 

CD4512BF 

CD4514BCJ 

CD4514BF 

CD4514BCN 

CD4514BE 

CD4514BMD 

CD4514BD 

CD4514BMJ 

CD4514BF 

CD4515BCJ 

CD4515BF 

CD4515BCN 

CD4515BE 

CD4515BMD 

CD4515BD 

CD4515BMJ 

CD4515BF 

CD4516BCJ 

CD4516BF 

CD4516BCN 

CD4516BE 

CD4516BMD 

CD4516BD 

CD4516BMJ 

CD4516BF 

CD4518BCJ 

CD4518BF 
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Industry 

Type 

RCA 

Replacement 

Type 

CD4518BCN 

CD4518BE 

CD4518BMD 

CD4518BD 

CD4518BMJ 

CD4518BF 

CD4520BCJ 

CD4520BF 

CD4520BCN 

CD4520BE 

CD4520BMD 

CD4520BD 

CD4520BMJ 

CD4520BF 

CD4527BCJ 

CD4527BF 

CD4527BCN 

CD4527BE 

CD4527BMD 

CD4527BD 

CD4528BCJ 

CD4528BF 

CD4528BCN 

CD4528BE 

CD4528BMD 

CD4528BD 

CD4528BMJ 

CD4528BF 

CD4538BCJ 

CD4538BF 

CD4538BCN 

CD4538BE 

CD4538BCN 

CD4538BE 

CD4538BMD 

CD4538BD 

CD4538BMJ 

CD4538BF 

CD4543BCJ 

CD4543BF 

CD4543BCN 

CD4543BE 

CD4543BMD 

CD4543BD 

CD4543BMJ 

CD4543BF 

CD4724BCJ 

CD4724BF 

CD4724BCN 

CD4724BE 

CD4724BMD 

CD4724BD 

CD4724BMJ 

CD4724BF 

CD40106BCJ 

CD40106BF 

CD40106BCN 

CD40106BE 

CD40106BMD 

CD40106BD 

CD40106BMJ 

CD40106BF 

CD40160BCJ 

CD40160BF 

CD40160BCN 

CD40160BE 

CD40160BMD 

CD40160BD 

CD40160BMJ 

CD40160BF 

CD40161BCJ 

CD40161BF 

CD40161BCN 

CD40161BE 

CD40161B'MD 

CD40161BD 

CD40161BMJ 

CD40161BF 

CD40162BCJ 

CD40162BF 

CD40162BCN 

CD40162BE 

CD40162BMD 

CD40162BD 

CD40162BMJ 

CD40162BF 

CD40163BCJ 

CD40163BF 

CD40163BCN 

CD40163BE 

CD40163BMD 

CD40163BD 

CD40163BMJ 

CD40163BF 

CD40174BCJ 

CD40174BF 

CD40174BCJ 

CD40174BF 

CD40174BCN 

CD40174BE 

CD40174BMD 

CD40174BD 

CD40174BMJ 

CD40174BF 

CD40175BCJ 

CD40175BF 

CD40175BMD 

CD40175BD 

CD40175BMJ 

CD40175BF 


Industry 

Type 

RCA 

Replacement 

Type 

CD40175BCN 

CD40175BE 

CD40192BCJ 

CD40192BF 

CD40192BCN 

CD40192BE 

CD40192BMD 

CD40192BD 

CD40192BMJ 

CD40192BF 

CD40193BCJ 

CD40193BF 

CD40193BCN 

CD40193BE 

CD40193BMD 

CD40193BD 

CD40193BMJ 

CD40193BF 

F4001BDC 

CD4001BF 

F4001BDM 

CD4001BF 

F4001BPC 

CD4001BE 

F4002BDC 

CD4002BF 

F4002BDM 

CD4002BF 

F4002BPC 

CD4002BE 

F4006BDC 

CD4006BF 

F4006BDM 

CD4006BF 

F4006BPC 

CD4006BE 

F4007UBDC 

CD4007UBF 

F4007UBDM 

CD4007UBF 

F4007UBPC 

CD4007UBE 

F4008BDC 

CD4008BF 

F4008BDM 

CD4008BF 

F4008BPC 

CD4008BE 

F4011BDC 

CD4011BF 

F4011BDM 

CD4011BF 

F4011BPC 

CD4011BE 

F4012BDC 

CD4012BF 

F4012BDM 

CD4012BF 

F4012BPC 

CD4012BE 

F4013BDC 

CD4013BF 

F4013BDM 

CD4013BF 

F4013BPC 

CD4013BE 

F4014BDC 

CD4014BF 

F4014BDM 

CD4014BF 

F4014BPC 

CD4014BE 

F4015BDC 

CD4015BF 

F4015BDM 

CD4015BF 

F4015BPC 

CD4015BE 

F4016BDC 

CD4016BF 

F4016BDM 

CD4016BF 

F4016BPC 

CD4016BE 

F4017BDC 

CD4017BF 

F4017BDM 

CD4017BF 

F4017BPC 

CD4017BE 

F4018BDC 

CD4018BF 

F4018BDM 

CD4018BF 

F4018BPC 

CD4018BE 

F4019BDC 

CD4019BF 

F4019BDM 

CD4019BF 

F4019BPC 

CD4019BE 

F4020BDC 

CD4020BF 

F4020BDM 

CD4020BF 

F4020BPC 

CD4020BE 

F4021BDC 

CD4021BF 


Industry 

Type 

RCA 1 

Replacement 

Type 

F4021BDM 

CD4021BF 

F4021BPC 

CD4021BE 

F4022BDC 

CD4022BF 

F4022BDM 

CD4022BF 

F4022BPC 

CD4022BE 

F4023BDC 

CD4023BF 

F4023BDM 

CD4023BF 

F4023BPC 

CD4023BE 

F4024BDC 

CD4024BF 

F4024BDM 

CD4024BF 

F4024BPC 

CD4024BE 

F4025BDC 

CD4025BF 

F4025BDM 

CD4025BF 

F4025BPC 

CD4025BE 

F4027BDC 

CD4027BF 

F4027BDM 

CD4027BF 

F4027BPC 

CD4027BE 

F4028BDC 

CD4028BF 

F4028BDM 

CD4028BF 

F4028BPC 

CD4028BE 

F4029BDC 

CD4029BF 

F4029BDM 

CD4029BF 

F4029BPC 

CD4029BE 

F4030BDC 

CD4030BF 

F4030BDM 

CD4030BF 

F4030BPC 

CD4030BE 

F4031BDC 

CD4031BF 

F4031BDM 

CD4031BF 

F4031BPC 

CD4031BE 

F4034BDC 

CD4034BF 

F4034BDM 

CD4034BF 

F4034BPC 

CD4034BE 

F4035BDC 

CD4035BF 

F4035BDM 

CD4035BF 

F4035BPC 

CD4035BE 

F4040BDC 

CD4040BF 

F4040BDM 

CD4040BF 

F4040BPC 

CD4040BE 

F4041BDC 

CD4041BF 

F4041BDM 

CD4041BF 

F4041BPC 

CD4041BE 

F4042BDC 

CD4042BF 

F4042BDM 

CD4042BF 

F4042BPC 

CD4042BE 

F4043BDC 

CD4043BF 

F4043BDM 

CD4043BF 

F4043BPC 

CD4043BE 

F4044BDC 

CD4044BF 

F4044BDM 

CD4044BF 

F4044BPC 

CD4044BE 

F4045BDC 

CD4045BF 

F4045BDM 

CD4045BF 

F4045BPC 

CD4045BE 

F4046BDC 

CD4046BF 

F4046BDM 

CD4046BF 
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Industry 

Type 

RCA I 

Replacement I 
Type 

F4046BPC 

CD4046BE 

F4047BDC 

CD4047BF 

F4047BDM 

CD4047BF 

F4047BPC 

CD4047BE 

F4049BDC 

CD4049UBF 

F4049BDM 

CD4049UBF 

F4049BPC 

CD4049UBF 

F4050BDC 

CD4050BF 

F4050BDM 

CD4050BF 

F4050BPC 

CD4050BE 

F4051BDC 

CD4051BF 

F4051BDM 

CD4051BF 

F4051BPC 

CD4051BE 

F4052BCD 

CD4052BF 

F4052BDM 

CD4052BF 

F4052BPC 

CD4052BE 

F4053BDC 

CD4053BF 

F4053BDM 

CD4053BF 

F4053BPC 

CD4053BE 

F4066BDC 

CD4066BF 

F4066BDM 

CD4066BF 

F4066BPC 

CD4066BE 

F4067BDC 

CD4067BF 

F4067BDM 

CD4067BF 

F4067BPC 

CD4067BE 

F4068BDC 

CD4067BF 

F4068BDM 

CD4067BF 

F4068BPC 

CD4067BE 

F4069UBDC 

CD4069UBF 

F4069UBDM 

CD4069UBF 

F4069UBPC 

CD4069UBE 

F4070BDC 

CD4070BF 

F4070BDM 

CD4070BF 

F4070BPC 

CD4070BE 

F4071BDC 

CD4071BF 

F4071BDM 

CD4071BF 

F4071BPC 

CD4071BE 

F4072BDC 

CD4072BF 

F4072BDM 

CD4072BF 

F4072BPC 

CD4072BE 

F4073BDC 

CD4073BF 

F4073BDM 

CD4073BF 

F4073BPC 

CD4073BE 

F4075BDC 

CD4075BF 

F4075BDM 

CD4075BF 

F4075BPC 

CD4075BE 

F4076BDC 

CD4076BF 

F4076BDM 

CD4076BF 

F4076BPC 

CD4076BE 

F4077BDC 

CD4077BF 

F4077BDM 

CD4077BF 

F4077BPC 

CD4077BE 

F4078BDC 

CD4078BF 

F4078BDM 

CD4078BF 

F4078BPC 

CD4078BE 


Industry 

Type 

RCA 

Replacement 

Type 

F4081BDC 

CD4081BF 

F4081BDM 

CD4081BF 

F4081BPC 

CD4081BE 

F4082BDC 

CD4082BF 

F4082BDM 

CD4082BF 

F4082BPC 

CD4082BE 

F4085BDC 

CD4085BF 

F4085BDM 

CD4085BF 

F4085BPC 

CD4085BE 

F4086BDC 

CD4086BF 

F4086BDM 

CD4086BF 

F4086BPC 

CD4086BE 

F4093BDC 

CD4093BF 

F4093BDM 

CD4093BF 

F4093BPC 

CD4093BE 

F4510BDC 

CD4510BF 

F4510BDM 

CD4510BF 

F4510BPC 

CD4510BE 

F4511BDC 

CD4511BF 

F4511BDM 

CD4511BF 

F4511BPC 

CD4511BE 

F4512BDC 

CD4512BF 

F4512BDM 

CD4512BF 

F4512BPC 

CD4512BE 

F4514BDC 

CD4514BF 

F4514BDM 

CD4514BF 

F4514BPC 

CD4514BE 

F4515BDC 

CD4515BF 

F4515BDM 

CD4515BF 

F4515BPC 

CD4515BE 

F4516BDC 

CD4516BF 

F4516BDM 

CD4516BF 

F4516BPC 

CD4516BE 

F4518BDC 

CD4518BF 

F4518BDM 

CD4518BF 

F4518BPC 

CD4518BE 

F4520BDC 

CD4520BF 

F4520BDM 

CD4520BF 

F4520BPC 

CD4520BE 

F4527BDC 

CD4527BF 

F4527BDM 

CD4527BF 

F4527BPC 

CD4527BE 

F4532BDC 

CD4532BF 

F4532BDM 

CD4532BF 

F4532BPC 

CD4532BE 

F4538BDC 

CD4538BF 

F4538BDM 

CD4538BF 

F4538BPC 

CD4538BE 

F4543BDC 

CD4543BF 

F4543BDM 

CD4543BF 

F4543BPC 

CD4543BE 

F4555BDC 

CD4555BF 

F4555BDM 

CD4555BF 

F4555BPC 

CD4555BE 

F4556BDC 

CD4556BF 


Industry 

Type 

RCA 

Replacement 

Type 

F4556BDM 

CD4556BF 

F4556BPC 

CD4556BE 

F4581BDC 

CD40181BF 

F4581BDM 

CD40181BF 

F4581BPC 

CD40181BE 

F4582BDC 

CD40182BF 

F4582BDM 

CD40182BF 

F4582BPC 

CD40182BE 

F4724BDC 

CD4724BF 

F4724BDM 

CD4724BF 

F4724BPC 

CD4724BE 

F40160BDC 

CD40160BF 

F40160BDM 

CD40160BF 

F40160BPC 

CD40160BE 

F40161BDC 

CD40161BF 

F40161BDM 

CD40161BF 

F40161BPC 

CD40161BE 

F40162BDC 

CD40162BF 

F40162BDM 

CD40162BF 

F40162BPC 

CD40162BE 

F40163BDC 

CD40163BF 

F40163BDM 

CD40163BF 

F40163BPC 

CD40163BE 

F40174BDC 

CD40174BF 

F40174BDM 

CD40174BF 

F40174BPC 

CD40174BE 

F40175BDC 

CD40175BF 

F40175BDM 

CD40175BF 

F40175BPC 

CD40175BE 

F40192BDC 

CD40192BF 

F40192BDM 

CD40192BF 

F40192BPC 

CD40192BE 

F40193BDC 

CD40193BF 

F40193BDM 

CD40193BF 

F40193BPC 

CD40193BE 

HCF4000BD 

CD4000BD 

HCF4000BE 

CD4000BE 

HCF4000BF 

CD4000BF 

HCF4001BD 

CD4001BD 

HCF4001BE 

CD4001BE 

HCF4001BF 

CD4001BF 

HCF4001BE 

CD4001BE 

HCF4002BD 

CD4002BD 

HCF4002BF 

CD4002BF 

HCF4002BE 

CD4002BE 

HCF4006BD 

CD4006BD 

HCF4006BF 

CD4006BF 

HCF4007UBD 

CD4007UBD 

HCF4007UBE 

CD4007UBE 

HCF4007UBF 

CD4007UBF 

HCF4008BD 

CD4008BD 

HCF4008BE 

CD4008BE 

HCF4008BF 

CD4008BF 

HCF4011BD 

CD4011BD 

HCF4011BE 

CD4011BE 
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Industry 

Type 

RCA 

Replacement 

Type 

HCF4011BF 

CD4011BF 

HCF4012BD 

CD4012BD 

HCF4012BE 

CD4012BE 

HCF4012BF 

CD4012BF 

HCF4013BD 

CD4013BD 

HCF4013BE 

CD4013BE 

HCF4013BF 

CD4013BF 

HCF4014BD 

CD4014BD 

HCF4014BE 

CD4014BE 

HCF4014BF 

CD4014BF 

HCF4015BD 

CD4015BD 

HCF4015BE 

CD4015BE 

HCF4015BF 

CD4015BF 

HCF4016BD 

CD4016BD 

HCF4016BE 

CD4016BE 

HCF4016BF 

CD4016BF 

HCF4017BD 

CD4017BD 

HCF4017BE 

CD4017BE 

HCF4017BF 

CD4017BF 

HCF4018BD 

CD4018BD 

HCF4018BE 

CD4018BE 

HCF4018BF 

CD4018BF 

HCF4019BD 

CD4019BD 

HCF4019BE 

CD4019BE 

HCF4019BF 

CD4019BF 

HCF4020BD 

CD4020BD 

HCF4020BE 

CD4020BE 

HCF402CBF 

CD4020BF 

HCF4021BD 

CD4021BD 

HCF4021BE 

CD4021BE 

HCF4021BF 

CD4021BF 

HCF4022BD 

CD4022BD 

HCF4022BE 

CD4022BE 

HCF4022BF 

CD4022BF 

HCF4023BD 

CD4023BD 

HCF4023BE 

CD4023BE 

HCF4023BF 

CD4023BF 

HCF4024BD 

CD4024BD 

HCF4024BE 

CD4024BE 

HCF4024BF 

CD4024BF 

HCF4025BD 

CD4025BD 

HCF4025BE 

CD4025BE 

HCF4025BF 

CD4025BF 

HCF4026BD 

CD4026BD 

HCF4026BE 

CD4026BE 

HCF4026BF 

CD4026BF 

HCF4027BD 

CD4027BD 

HCF4027BE 

CD4027BE 

HCF4027BF 

CD4027BF 

HCF4028BD 

CD4028BD 

HCF4028BE 

CD4028BE 

HCF4028BF 

CD4028BF 

HCF4029BD 

CD4029BD 

HCF4029BE 

CD4029BE 

HCF4029BF 

CD4029BF 


Industry 

Type 

RCA 

Replacement 

Type 

HCF4030BD 

CD4030BD 

HCF4030BE 

CD4030BE 

HCF4030BF 

CD4030BF 

HCF4031BD 

CD4031BD 

HCF4031BE 

CD4031BE 

HCF4031BF 

CD4031BF 

HCF4032BD 

CD4032BD 

HCF4032BE 

CD4032BE 

HCF4032BF 

CD4032BF 

HCF4033BD 

CD4033BD 

HCF4033BE 

CD4033BE 

HCF4033BF 

CD4033BF 

HCF4034BD 

CD4034BD 

HCF4034BE 

CD4034BE 

HCF4034BF 

CD4034BF 

HCF4035BD 

CD4035BD 

HCF4035BE 

CD4035BE 

HCF4035BF 

CD4035BF 

HCF4040BD 

CD4040BD 

HCF4040BE 

CD4040BE 

HCF4040BF 

CD4040BF 

HCF4041UBD 

CD4041UBD 

HCF4041UBE 

CD4041UBE 

HCF4041UBF 

• CD4041UBF 

HCF4042BD 

CD4042BD 

HCF4042BE 

CD4042BE 

HCF4042BF 

CD4042BF 

HCF4043BD 

CD4043BD 

HCF4043BE 

CD4043BE 

HCF4043BF 

CD4043BF 

HCF4044BD 

CD4044BD 

HCF4044BE 

CD4044BE 

HCF4044BF 

CD4044BF 

HCF4045BD 

CD4045BD 

HCF4045BE 

CD4045BE 

HCF4045BF 

CD4045BF 

HCF4046BD 

CD4046BD 

HCF4046BE 

CD4046BE 

HCF4046BF 

CD4046BF 

HCF4047BD 

CD4047BD 

HCF4047BE 

CD4047BE 

HCF4047BF 

CD4047BF 

HCF4048BD 

CD4048BD 

HCF4048BE 

CD4048BE 

HCF4048BF 

CD4048BF 

HCF4049UBD 

CD4049UBD 

HCF4049UBE 

CD4049UBE 

HCF4049UBF 

CD4049UBF 

HCF4050BD 

CD4050BD 

HCF4050BE 

CD4050BE 

HCF4050BF 

CD4050BF 

HCF4051BD 

CD4051BD 

HCF4051BE 

CD4051BE 

HCF4051BF 

CD4051BF 

HCF4052BD 

CD4052BD 


Industry 

Type 

RCA 

Replacement 

Type 

HCF4052BE 

CD4052BE 

HCF4052BF 

CD4052BF 

HCF4053BD 

CD4053BD 

HCF4053BE 

CD4053BE 

HCF4053BF 

CD4053BF 

HCF4054BD 

CD4054BD 

HCF4054BE 

CD4054BE 

HCF4054BF 

CD4054BF 

HCF4055BD 

CD4055BD 

HCF4055BE 

CD4055BE 

HCF4055BF 

CD4055BF 

HCF4056BD 

CD4056BD 

HCF4056BE 

CD4056BE 

HCF4056BF 

CD4056BF 

HCF4060BD 

CD4060BD 

HCF4060BE 

CD4060BE 

HCF4060BF 

CD4060BF 

HCF4063BD 

CD4063BD 

HCF4063BE 

CD4063BE 

HCF4063BF 

CD4063BF 

HCF4066BD 

CD4066BD 

HCF4066BE 

CD4066BE 

HCF4066BF 

CD4066BF 

HCF4067BD 

CD4067BD 

HCF4067BE 

CD4067BE 

HCF4067BF 

CD4067BF 

HCF4068BD 

CD4068BD 

HCF4068BE 

CD4068BE 

HCF4068BF 

CD4068BF 

HCF4069UBD 

CD4069UBD 

HCF4069UBE 

CD4069UBE 

HCF4069UBF 

CD4069UBF 

HCF4070BD 

CD4070BD 

HCF4070BE 

CD4070BE 

HCF4070BF 

CD4070BF 

HCF4071BD 

CD4071BD 

HCF4071BE 

CD4071BE 

HCF4071BF 

CD4071BF 

HCF4072BD 

CD4072BD 

HCF4072BE 

CD4072BE 

HCF4072BF 

CD4072BF 

HCF4073BD 

CD4073BD 

HCF4073BE 

CD4073BE 

HCF4073BF 

CD4073BF 

HCF4075BD 

CD4075BD 

HCF4075BE 

CD4075BE 

HCF4075BF 

CD4075BF 

HCF4076BD 

CD4076BD 

HCF4076BE 

CD4076BE 

HCF4076BF 

CD4076BF 

HCF4077BD 

CD4077BD 

HCF4077BE 

CD4077BE 

HCF4077BF 

CD4077BF 

HCF4078BD 

CD4078BD 

HCF4078BE 

CD4078BE 
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Industry 

Type 

RCA 

Replacement 

Type 

HCF4078BF 

CD4078BF 

HCF4081BD 

CD4081BD 

HCF4081BE 

CD4081BE 

HCF4081BF 

CD4081BF 

HCF4082BD 

CD4082BD 

HCF4082BE 

CD4082BE 

HCF4082BF 

CD4082BF 

HCF4085BD 

CD4085BD 

HCF4085BE 

CD4085BE 

HCF4085BF 

CD4085BF 

HCF4086BD 

CD4086BD 

HCF4086BE 

CD4086BE 

HCF4086BF 

CD4086BF 

HCF4089BD 

CD4089BD 

HCF4089BE 

CD4089BE 

HCF4089BF 

CD4089BF 

HCF4093BD 

CD4093BD 

HCF4093BE 

CD4093BE 

HCF4093BF 

CD4093BF 

HCF4094BD 

CD4094BD 

HCF4094BE 

CD4094BE 

HCF4094BF 

CD4094BF 

HCF4095BD 

CD4095BD 

HCF4095BE 

CD4095BE 

HCF4095BF 

CD4095BF 

’ HCF4096BD 

CD4096BD 

HCF4096BE 

CD4096BE 

HCF4096BF 

CD4096BF 

HCF4097BD 

CD4097BD 

HCF4097BE 

CD4097BE 

HCF4097BF 

CD4097BF 

HCF4098BD 

CD4098BD 

HCF4098BE 

CD4098BE 

HCF4098BF 

CD4098BF 

HCF4099BD 

CD4099BD 

HCF4099BE 

CD4099BE 

HCF4099BF 

CD4099BF 

HCF4502BD 

CD4502BD 

HCF4502BE 

CD4502BE 

HCF4502BF 

CD4502BF 

HCF4508BD 

CD4508BD 

HCF4508BE 

CD4508BE 

HCF4508BF 

CD4508BF 

HCF4510BD 

CD4510BD 

HCF4510BE 

CD4510BE 

HCF4510BF 

CD4510BF 

HCF4511BD 

CD4511BD 

HCF4511BE 

CD4511BE 

HCF4511BF 

CD4511BF 

HCF4512BD 

CD4512BD 

HCF4512BE 

CD4512BE 

HCF4512BF 

CD4512BF 

HCF4514BD 

CD4514BD 

HCF4514BE 

CD4514BE 

HCF4514BF 

CD4514BF 


Industry 

Type 

RCA 

Replacement 

Type 

HCF4515BD 

CD4515BD 

HCF4515BE 

CD4515BE 

HCF4515BF 

CD4515BF 

HCF4516BD 

CD4516BD 

HCF4516BE 

CD4516BE 

HCF4516BF 

CD4516BF 

HCF4518BD 

CD4518BD 

HCF4518BE 

CD4518BE 

HCF4518BF 

CD4518BF 

HCF4520BD 

CD4520BD 

HCF4520BE 

CD4520BE 

HCF4520BF 

CD4520BF 

HCF4527BD 

CD4527BD 

HCF4527BE 

CD4527BE 

HCF4527BF 

CD4527BF 

HCF4532BD 

CD4532BD 

HCF4532BE 

CD4532BE 

HCF4532BF 

CD4532BF 

HCF4555BD 

CD4555BD 

HCF4555BE 

CD4555BE 

HCF4555BF 

CD4555BF 

HCF4556BD 

CD4556BD 

HCF4556BE 

CD4556BE 

HCF4556BF 

CD4556BF 

HD14503B 

CD4503BE 

HD14541B 

CD4541BE 

HD174C04 

CD4096BD 

HD174C14 

CD40106BD 

HD174C86 

CD4030BD 

HD174C86 

CD4070BD 

HD374C04 

CD4069BE 

HD374C14 

CD40106BE 

HD374C160 

CD40160BE 

HD374C161 

CD40161BE 

HD374C162 

CD40162BE 

HD374C163 

CD40163BE 

HD374C164 

CD4015BE 

HD374C165 

CD4021BE 

HD374C173 

CD4076BE 

HD374C174 

CD40174BE 

HD374C192 

CD40192BE 

HD374C193 

CD40193BE 

HEF4000B 

CD4000BE 

HEF4000BD 

CD4000BE 

HEF4001B 

CD4001BE 

HEF4001UB 

CD4001UBE 

HEF4002B 

CD4002BE 

HEF4006B 

CD4006BE 

HEF4007UB 

CD4007UBE 

HEF4008B 

CD4008BE 

HEF4011B 

CD4011BE 

HEF4011UB 

CD4011UBE 

HEF4012B 

CD4012BE 

HEF4013B 

CD4013BE 

HEF4014B 

CD4014BE 


Industry 

Type 

RCA 

Replacement 

Type 

HEF4015B 

CD4015BE 

HEF4016B 

CD4016BE 

HEF4017B 

CD4017BE 

HEF4018B 

CD4018BE 

HEF4019B 

CD4019BE 

HEF4020B 

CD4020BE 

HEF4021B 

CD4021BE 

HEF4022B 

CD4022BE 

HEF4023B 

CD4023BE 

HEF4024B 

CD4024BE 

HEF4025B 

CD4025BE 

HEF4027B 

CD4027BE 

HEF4028B 

CD4028BE 

HEF4029B 

CD4029BE 

HEF4030B 

CD4030BE 

HEF4031B 

CD4031BE 

HEF4035B 

CD4035BE 

HEF4040B 

CD4040BE 

HEF4041B 

CD4041BE 

HEF4042B 

CD4042BE 

HEF4043B 

CD4043BE 

HEF4044B 

CD4044BE 

HEF4046B 

CD4046BE 

HEF4047B 

CD4047BE 

HEF4049B 

CD4049UBE 

HEF4050B 

CD4050BE 

HEF4051B 

CD4051BE 

HEF4052B 

CD4052BE 

HEF4053B 

CD4053BE 

HEF4059B 

CD4059BE 

HEF4060B 

CD4060BE 

HEF4066B 

CD4066BE 

HEF4067B 

CD4067BE 

HEF4068B 

CD4068BE 

HEF4069UB 

CD4069UBE 

HEF4070B 

CD4070BE 

HEF4071B 

CD4071BE 

HEF4072B 

CD4072BE 

HEF4073B 

CD4073BE 

HEF4075B 

CD4075BE 

HEF4076B 

CD4076BE 

HEF4077B 

CD4077BE 

HEF4078B 

CD4078BE 

HEF4081B 

CD4081BE 

HEF4082B 

CD4082BE 

HEF4085B 

CD4085BE 

HEF4086B 

CD4086BE 

HEF4093B 

CD4093BE 

HEF4094B 

CD4094BE 

HEF4502B 

CD4502BE 

HEF4508B 

CD4508BE 

HEF4510B 

CD4510BE 

HEF4511B 

CD4511BE 

HEF4512B 

CD4512BE 

HEF4514B 

CD4514BE 
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Industry 

Type 

RCA 

Replacement 

Type 

HEF4515B 

CD4515BE 

HEF4516B 

CD4516BE 

HEF4517B 

CD4517BE 

HEF4518B 

CD4518BE 

HEF4520B 

CD4520BE 

HEF4527B 

CD4527BE 

HEF4532B 

CD4532BE 

HEF4538B 

CD4538BE 

HEF4541B 

CD4541BE 

HEF4543B 

CD4543BE 

HEF4555B 

CD4555BE 

HEF4556B 

CD4556BE 

HEF4585B 

CD4585BE 

HEF4724B 

CD4724BE 

HEF40160B 

CD40160BE 

HEF40161B 

CD40161BE 

HEF40162B 

CD40162BE 

HEF40163B 

CD40163BE 

HEF40174B 

CD40174BE 

HEF40175B 

CD40175BE 

HEF40192B 

CD40192BE 

HEF40193B 

CD40193BE 

HEF40194B 

CD40194BE 

MC14000BAL 

CD4000BF 

MC14000BCL 

CD4000BF 

MC14000BCP 

CD4000BE 

MC14000UBAL 

CD4000UBF 

MC14000UBCL 

CD4000UBF 

MC14000UBCP 

CD4000UBE 

MC14001BAL 

CD4001BF 

MC14001BCL 

CD4001BF 

MC14001BCP 

CD4Q01BE 

MC14001UBAL 

CD4001UBF 

MC14001UBCL 

CD4001UBF 

MC14001UBCP 

CD4001UBE 

MC14002BAL 

CD4002BF 

MC14002BCL 

CD4002BF 

MC14002BCP 

CD4002BE 

MC14002UBAL 

CD4002UBF 

MC14002UBCL 

CD4002UBF 

MC14002UBCP 

CD4002UBE 

MC14006BAL 

CD4006BF 

MC14006BCL 

CD4006BF 

MC14006BCP 

CD4006BE 

MC14007BCL 

CD4007UBF 

MC14007UBAL 

CD4007UBF 

MC14007UBCL 

CD4007UBF 

MC14007UBCP 

CD4007UBE 

MC14008BAL 

CD4008BF 

MC14008BCL 

CD4008BF 

MC14008BCP 

CD4008BE 

MC14009UBAL 

CD4009UBF 

MC14009UBCL 

CD4009UBF 

MC14009UBCP 

CD4009UBE 

MC14010BAL 

CD4010BF 


Industry 

Type 

RCA 

Replacement 

Type 

MC14010BCP 

CD4010BE 

MC14011BAL 

CD4011BF 

MC14011BCL 

CD4011BF 

MC14011BCP 

CD4011BE 

MC14011UBAL 

CD4011UBF 

MC14011UBCL 

CD4011UBF 

MC14011UBCP 

CD4011UBE 

MC14012BAL 

CD4012BF 

MC14012BCL 

CD4012BF 

MC14012BCP 

CD4012BE 

MC14012UBAL 

CD4012UBF 

MC14012UBCL 

CD4012UBF 

MC14012UBCP 

CD4012UBE 

MC14013BAL 

CD4013BF 

MC14013BCL 

CD4013BF 

MC14013BCP 

CD4013BE 

MC14014BAL 

CD4014BF 

MC14014BCL 

CD4014BF 

MC14014BCP 

CD4014BE 

MC14015BAL 

CD4015BF 

MC14015BCL 

CD4015BF 

MC14015BCP 

CD4015BE 

MC14016BAL 

CD4016BF 

MC14016BCL 

CD4016BF 

MC14016BCP 

CD4016BE 

MC14017BAL 

CD4017BF 

MC14017BCL 

CD4017BF 

MC14017BCP 

CD4017BE 

MC14018BAL 

CD4018BF 

MC14018BCL 

CD4018BF 

MC14018BCP 

CD4018BE 

MC14019BAL 

CD4019BF 

MC14019BCL 

CD4019BF 

MC14019BCP 

CD4019BE 

MC14020BAL 

CD4020BF 

MC14020BCL 

CD4020BF 

MC14020BCP 

CD4020BE 

MC14021BAL 

CD4021BF 

MC14021BCL 

CD4021BF 

MC14021BCP 

CD4021BE 

MC14022BAL 

CD4022BF 

MC14022BCL 

CD4022BF 

MC14022BCP 

CD4022BE 

MC14023BAL 

CD4023BF 

MC14023BCL 

CD4023BF 

MC14023BCP 

CD4023BE 

MC14023UBAL 

CD4023UBF 

MC14023UBCL 

CD4023UBF 

MC14023UBCP 

CD4023UBE 

MC14024BAL 

CD4024BF 

MC14024BCL 

CD4024BF 

MC14024BCP 

CD4024BE 

MC14025BAL 

CD4025BF 

MC14025BCL 

CD4025UBF 

MC14025BCP 

CD4025BE 


Industry 

Type 

RCA 

Replacement 

Type 

MC14025UBAL 

CD4025UBF 

MC14025UBCL 

CD4025UBF 

MC14025UBCP 

CD4025UBE 

MC14027BAL 

CD4027BF 

MC14027BCL 

CD4027BF 

MC14027BCP 

CD4027BE 

MC14028BAL 

CD4028BF 

MC14028BCL 

CD4028BF 

MC14028BCP 

CD4028BE 

MC14029BAL 

CD4029BF 

MC14029BCL 

CD4029BF 

MC14029BCP 

CD4029BE 

MC14032BAL 

CD4032BF 

MC14032BCL 

CD4032BF 

MC14032BCP 

CD4032BE 

MC14034BAL 

CD4034BF 

MC14034BCL 

CD4034BF 

MC14034BCP 

CD4034BE 

MC14035BAL 

CD4035BF 

MC14035BCL 

CD4035BF 

MC14035BCP 

CD4035BE 

MC14038BAL 

CD4038BF 

MC14038BCL 

CD4038BF 

MC14038BCP 

CD4038BE 

MC14040BAL 

CD4040BF 

MC14040BCL 

CD4040BF 

MC14040BCP 

CD4040BE 

MC14042BAL 

CD4042BF 

MC14042BCL 

CD4042BF 

MC14042BCP 

CD4042BE 

MC14043BAL 

CD4043BF 

MC14043BCL 

CD4043BF 

MC14043BCP 

CD4043BE 

MC14044BAL 

CD4044BF 

MC14044BCL 

CD4044BF 

MC14044BCP 

CD4044BE 

MC14046BAL 

CD4046BF 

MC14046BCL 

CD4046BF 

MC14046BCP 

CD4046BE 

MC14049UBAL 

CD4049UBF 

MC14049UBCL 

CD4049UBF 

MC14049UBCP 

CD4049UBE 

MC14050BAL 

CD4050BF 

MC14050BCL 

CD4050BF 

MC14050BCP 

CD4050BE 

MC14051BAL 

CD4051BF 

MC14051BCL 

CD4051BF 

MC14051BCP 

CD4051BE 

MC14052BAL 

CD4052BF 

MC14052BCL 

CD4052BF 

MC14052BCP 

CD4052BE 

MC14053BAL 

CD4053BF 

MC14053BCP 

CD4053BE 

MC14053BCP 

CD4053BE 

MC14060BAL 

CD4060BF 
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Industry 

Type 

RCA 

Replacement 

Type 

MC14060BCL 

CD4060BF 

MC14060BCP 

CD4060BE 

MC14066BAL 

CD4066BF 

MC14066BCL 

CD4066BF 

MC14066BCP 

CD4066BE 

MC14068BAL 

CD4068BF 

MC14068BCL 

CD4068BF 

MC14068BCP 

CD4068BE 

MC14069UBAL 

CD4069UBF 

MC14069UBCL 

CD4069UBF 

MC14069UBCP 

CD4069UBE 

MC14070BAL 

CD4070BF 

MC14070BCL 

CD4070BF 

MC14070BCP 

CD4070BE 

MC14071BAL 

CD4071BF 

MC14071BCL 

CD4071BF 

MC14071BCP 

CD4071BE 

MC14072BAL 

CD4072BF 

MC14072BCL 

CD4072BF 

MC14072BCP 

CD4072BE 

MC14073BAL 

CD4073BF 

MC14073BCL 

CD4073BF 

MC14073BCP 

CD4073BE 

MC14075BAL 

CD4075BF 

MC14075BCL 

CD4075BF 

MC14075BCP 

CD4075BE 

MC14076BAL 

CD4076BF 

MC14076BCL 

CD4076BF 

MC14076BCP 

CD4076BE 

MC14077BAL 

CD4077BF 

MC14077BCL 

CD4077BF 

MC14077BCP 

CD4077BE 

MC14078BAL 

CD4078BF 

MC14078BCL 

CD4078BF 

MC14078BCP 

CD4078BE 

MC14081BAL 

CD4081BF 

MC14081BCL 

CD4081BF 

MC14081BCP 

CD4081BE 

MC14082BAL 

CD4082BF 

MC14082BCL 

CD4082BF 

MC14082BCP 

CD4082BE 

MC14093BAL 

CD4093BF 

MC14093BCL 

CD4093BF 

MC14093BCP 

CD4093BE 

MC14094BAL 

CD4094BF 

MC14094BCL 

CD4094BF 

MC14094BCP 

CD4094BE 

MC14099BAL 

CD4099BF 

MC14099BCL 

CD4099BF 

MC14099BCP 

CD4099BE 

MC14160BAL 

CD40160BF 

MC14160BCL 

CD40160BF 

MC14160BCP 

CD40160BE 

MC14161BAL 

CD40161BF 

MC14161BCL 

CD40161BF 


Industry 

Type 

RCA 

Replacement 

Type 

MC14161BCP 

CD40161BE 

MC14162BAL 

CD40162BF 

MC14162BCL 

CD40162BF 

MC14163BAL 

CD40163BF 

MC14163BCL 

CD40163BF 

MC14163BCP 

CD40163BE 

MC14174BAL 

CD40174BF 

MC14174BCL 

CD40174BF 

MC14174BCP 

CD40174BE 

MC14175BAL 

CD40175BF 

MC14175BCL 

CD40175BF 

MC14175BCP 

CD40175BE 

MC14181BAL 

CD40181BF 

MC14181BCL 

CD40181BF 

MC14181BCP 

CD40181BE 

MC14182BAL 

CD40182BF 

MC14182BCL 

CD40182BF 

MC14182BCP 

CD40182BE 

MC14194BAL 

CD40194BF 

MC14194BCL 

CD40194BF 

MC14194BCP 

CD40194BE 

MC14413L 

CD22413F 

MC14413P 

CD22413E 

MC14414L 

CD22414F 

MC14414P 

CD22414E 

MC14502BAL 

CD4502BD 

MC14502BCL 

CD4502BF 

MC14502BCP 

CD4502BE 

MC14503BAL 

CD4503BF 

MC14503BCL 

CD4503BF 

MC14504BAL 

CD40109BF 

MC14504BCL 

CD4504BF 

MC14504BCP 

CD40109BE 

MC14508BAL 

CD4508BF 

MC14508BCL 

CD4508BF 

MC14508BCP 

CD4508BE 

MC14510BAL 

CD4510BF 

MC14510BCL 

CD4510BF 

MC14510BCP 

CD4510BE 

MC14511BAL 

CD4511BF 

MC14511BCL 

CD4511BF 

MC14511BCP 

CD4511BE 

MC14511BMJ 

CD4511BF 

MC14512BAL 

CD4512BF 

MC14512BCL 

CD4512BF 

MC14512BCP 

CD4512BE 

MC14514BAL 

CD4514BF 

MC14514BCL 

CD4514BF 

MC14514BCP 

CD4514BE 

MC14515BAL 

CD4515BF 

MC14515BCP 

CD4515BE 

MC14516BAL 

CD4516BF 

MC14516BCL 

CD4516BF 

MC14516BCP 

CD4516BE 

MC14517BAL 

CD4517BF 


Industry 

Type 

RCA 

Replacement 

Type 

MC14517BCL 

CD4517BF 

MC14517BCP 

CD4517BE 

MC14518BAL 

CD4518BF 

MC14518BCL 

CD4518BF 

MC14518BCP 

CD4518BE 

MC14520BAL 

CD4520BF 

MC14520BCL 

CD4520BF 

MC14520BCP 

CD4520BE 

MC14527BAL 

CD4527BF 

MC14527BCL 

CD4527BF 

MC14527BCP 

CD4527BE 

MC14532BAL 

CD4532BF 

MC14532BCL 

CD4532BF 

MC14532BCP 

CD4532BE 

MC14536BAL 

CD4536BF 

MC14536BCL 

CD4536BF 

MC14536BCP 

CD4536BE 

MC14538BAL 

CD4538BF 

MC14538BCL 

CD4538BF 

MC14538BCP 

CD4538BE 

MC14541BAL 

CD4541BF 

MC14541BCL 

CD4541BF 

MC14541BCP 

CD4541BE 

MC14543BAL 

CD4543BF 

MC14543BCL 

CD4543BF 

MC14543BCP 

CD4543BE 

MC14555BAL 

CD4555BF 

MC14555BCL 

CD4555BF 

MC14555BCP 

CD4555BE 

MC14556BAL 

CD4556BF 

MC14556BCL 

CD4556BF 

MC14556BCP 

CD4556BE 

MC14581BAL 

CD40181BF 

MC14581BCL 

CD40181BF 

MC14581BCP 

CD40181BE 

MC14582BAL 

CD40182BF 

MC14582BCL 

CD40182BF 

MC14582BCP 

CD40182BE 

MC14584BAL 

CD40106BF 

MC14584BCL 

CD40106BF 

MC14584BCP 

CD40106BE 

MC14585BAL 

CD4585BF 

MC14585BCL 

CD4585BF 

MC14585BCP 

CD4585BE 

MC16000UBAL 

CD4000UBF 

MC16162BCP 

CD40162BE 

MC15403BCP 

CD4503BE 

MC3419 

CD22419 

MM54C04D 

CD4069BF 

MM54C160D 

CD40160BF 

MM54C161D 

CD40161BF 

MM54C162D 

CD40162BF 

MM54C163D 

CD40163BF 

MM54C173D 

CD4076BF 

MM54C174D 

CD40174BF 
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industry 

Type 

RCA 

Replacement 

Type 

MM74C04N 

CD4068BE 

MM74C160N 

CD40160BE 

MM74C161N 

CD40161BE 

MM74C162N 

CD40162BE 

MM74C163N 

CD40163BE 

MM74C164N 

CD4015BE 

MM74C165N 

CD4021BE 

MM74C173N 

CD4076BE 

MM74C174N 

CD40174BE 

MSM4036 

CD4036A 

MSM4039 

CD4039A 

MSM4061 

CD4061 

MSM4061A 

CD4061A 

S2859P 

CD22859E 

SCL4000BC 

CD4000BF 

SCL4000BD 

CD4000BD 

SCL4001BC 

CD4001BF 

SCL4001BD 

CD4001BD 

SCL4001BE 

CD4001BE 

SCL4001UBC 

CD4001UBF 

SCL4001UBD 

CD4001UBD 

SCL4001UBE 

CD4001UBE 

SCL4002BC 

CD4002BF 

SCL4002BD 

CD4002BD 

SCL4002BE 

CD4002BE 

SCL4006ABC 

CD4006BF 

SCL4006ABD 

CD4006BD 

SCL4006ABE 

CD4006BE 

SCL4006BC 

CD4006BF 

SCL4006BD 

CD4006BD 

SCL4006BE 

CD4006BE 

SCL4007UBC 

CD4007UBF 

SCL4007UBD 

CD4007UBD 

SCL4007UBE 

CD4007UBE 

SCL4008BC 

CD4008BF 

SCL4008BD 

CD4008BD 

SCL4008BE 

CD4008BE 

SCL4009UBC 

CD4009UBF 

SCL4009UBD 

CD4009UBD 

SCL4009UBE 

CD4009UBE 

SCL4010BC 

CD4010BF 

SCL4010BD 

CD4010BD 

SCL4010BE 

CD4010BE 

SCL4011BC 

CD4011BF 

SCL4011BD 

CD4011BD 

SCL4011BE 

CD4011BE 

SCL4011UBC 

CD4011UBF 

SCL4011UBD 

CD4011UBD 

SCL4011UBE 

CD4011UBE 

SCL4012BC 

CD4012BF 

SCL4012BD 

CD4012BD 

SCL4012BE 

CD4012BE 

SCL4013BC 

CD4013BF 

SCL4013BD 

CD4013BD 

SCL4013BE 

CD4013BE 


Industry 

Type 

RCA 

Replacement 

Type 

SCL4014BC 

CD4014BF 

SCL4014BD 

CD4014BD 

SCL4014BE 

CD4014BE 

SCL4015BC 

CD4015BF 

SCL4015BD 

CD4015BD 

SCL4015BE 

CD4016BE 

SCL4016BC 

CD4016BF 

SCL4016BD 

CD4016BD 

SCL4016BE 

CD4016BE 

SCL4017BC 

CD4017BF 

SCL4017BD 

CD4017BD 

SCL4017BE 

CD4017BE 

SCL4018BC 

CD4018BF 

SCL4018BD 

CD4018BD 

SCL4018BE 

CD4018BE 

SCL4019BC 

CD4019BF 

SCL4019BD 

CD4019BD 

SCL4019BE 

CD4019BE 

SCL4020ABC 

CD4020BF 

SCL4020ABD 

CD4020BD 

SCL4020ABE 

CD4020BE 

SCL4020BC 

CD4020BF 

SCL4020BD 

CD4020BD 

SCL4020BE 

CD4020BE 

SCL4021BC 

CD4021BF 

SCL4021BD 

CD4021BD 

SCL4021BE 

CD4021BE 

SCL4022ABC 

CD4022BF 

SCL4022ABD 

CD4022BD 

SCL4022ABE 

CD4022BE 

SCL4022BC 

CD4022BF 

SCL4022BD 

CD4022BD 

SCL4022BE 

CD4022BE 

SCL4023BC 

CD4023BF 

SCL4023BD 

CD4023BD 

SCL4023BE 

CD4023BE 

SCL4024BC 

CD4024BF 

SCL4024BD 

CD4024BD 

SCL4024BE 

CD4024BE 

SCL4025BC 

CD4025BF 

SCL4025BD 

CD4025BD 

SCL4025BE 

CD4025BE 

SCL4026ABC 

CD4026BF 

SCL4026ABD 

CD4026BD 

SCL4026ABE 

CD4026BE 

SCL4027BC 

CD4027BF 

SCL4027BD 

CD4027BD 

SCL4027BE 

CD4027BE 

SCL4028BC 

CD4028BF 

SCL4028BD 

CD4028BD 

SCL4028BE 

CD4028BE 

SCL4029BC 

CD4029BF 

SCL4029BD 

CD4029BD 

SCL4029BE 

CD4029BE 

SCL4030BC 

CD4030BF 


Industry 

Type 

RCA 

Replacement 

Type 

SCL4030BD 

CD4030BD 

SCL4030BE 

CD4030BE 

SCL4033ABC 

CD4033BF 

SCL4033ABD 

CD4033BD 

SCL4034ABC 

CD4034BF 

SCL4034ABD 

CD4034BD 

SCL4034ABE 

CD4034BE 

SCL4034BC 

CD4034BF 

SCL4035BC 

CD4035BF 

SCL4035BD 

CD4035BD 

SCL4035BE 

CD4034BE 

SCL4040ABC 

CD4040BF 

SCL4040ABD 

CD4040BD 

SCL4040ABE 

CD4040BE 

SCL4040BC 

CD4040BF 

SCL4040BD 

CD4040BD 

SCL4040BE 

CD4040BE 

SCL4041UBC 

CD4041UBF 

SCL4041UBD 

CD4041UBD 

SCL4041UBE 

CD4041UBE 

SCL4042BC 

CD4042BF 

SCL4042BD 

CD4042BD 

SCL4042BE 

CD4042BE 

SCL4043ABC 

CD4043BF 

SCL4043ABD 

CD4043BD 

SCL4043ABE 

CD4043BE 

SCL4043BC 

CD4043BF 

SCL4043BD 

CD4043BD 

SCL4043BE 

CD4043BE 

SCL4044ABC 

CD4044BF 

SCL4044ABD 

CD4044BD 

SCL4044ABE 

CD4044BE 

SCL4044BC 

CD4044BF 

SCL4044BD 

CD4044BD 

SCL4044BE 

CD4044BE 

SCL4046BC 

CD4046BF 

SCL4046BD 

CD4046BD 

SCL4046BE 

CD4046BE 

SCL4047BC 

CD4047BF 

SCL4047BD 

CD4047BD 

SCL4047BE 

CD4047BE 

SCL4049UBC 

CD4049UBF 

SCL4049UBD 

CD4049UBD 

SCL4049UBE 

CD4049UBE 

SCL4050BC 

CD4050BF 

SCL4050BD 

CD4050BD 

SCL4050BE 

CD4050BE 

SCL4051BC 

CD4051BF 

SCL4051BD 

CD4051BD 

SCL4051BE 

CD4051BE 

SCL4052BC 

CD4052BF 

SCL4052BD 

CD4052BD 

SCL4052BE 

CD4052BE 

SCL4053BC 

CD4053BF 

SCL4053BD 

CD4053D 
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Industry 

Type 

RCA 

Replacement 

Type 

SCL4053BE 

CD4053BE 

SCL4060ABC 

CD4060BF 

SCL4060ABD 

CD4060BD 

SCL4060ABE 

CD4060BE 

SCL4060BC 

CD4060BF 

SCL4060BD 

CD4060BD 

SCL4060BE 

CD4060BE 

SCL4066BC 

CD4066BF 

SCL4066BD 

CD4066BD 

SCL4066BE 

CD4066BE 

SCL4068BC 

CD4068BF 

SCL4068BD 

CD4068BD 

SCL4068BE 

CD4068BE 

SCL4069UBC 

CD4069UBF 

SCL4069UBD 

CD4069UBD 

SCL4069UBE 

CD4069UBE 

SCL4070BC 

CD4070BF 

SCL4070BD 

CD4070BD 

SCL4070BE 

CD4070BE 

SCL4071BC 

CD4071BF 

SCL4071BD 

CD4071BD 

SCL4071BE 

CD4071BE 

SCL4072BC 

CD4072BF 

SCL4072BD 

CD4072BD 

SCL4072BE 

CD4072BE 

SCL4073BC 

CD4073BF 

SCL4073BD 

CD4073BD 

SCL4073BE 

CD4073BE 

SCL4075BC 

CD4075BF 

SCL4075BD 

CD4075BD 

SCL4075BE 

CD4075BE 

SCL4076BC 

CD4076BF 

SCL4076BD 

CD4076BD 

SCL4076BE 

CD4076BE 

SCL4077BC 

CD4077BF 

SCL4077BD 

CD4077BD 

SCL4077BE 

CD4077BE 

SCL4078BC 

CD4078BF 

SCL4078BD 

CD4078BD 

SCL4078BE 

CD4078BE 

SCL4081BC 

CD4081BF 

SCL4081BD 

CD4081BD 

SCL4081BE 

CD4081BE 

SCL4082BC 

CD4082BF 

SCL4082BD 

CD4082BD 

SCL4082BE 

CD4082BE 

SCL4085BC 

CD4085BF 

SCL4085BD 

CD4085BD 

SCL4085BE 

CD4085BE 

SCL4086BC 

CD4086BF 

SCL4086BD 

CD4086BD 

SCL4086BE 

CD4086BE 

SCL4093BC 

CD4093BF 

SCL4093BD 

CD4093BD 

SCL4093BE 

CD4093BE 


Industry 

Type 

RCA 

Replacement 

Type 

SCL4094BC 

CD4094BF 

SCL4094BD 

CD4094BD 

SCL4094BE 

CD4094BE 

SCL4099BC 

CD4099BF 

SCL4099BD 

CD4099BD 

SCL4099BE 

CD4099BE 

SCL4160BC 

CD40160BF 

SCL4160BD 

CD40160BD 

SCL4160BE 

CD40160BE 

SCL4161BC 

CD40161BF 

SCL4161BD 

CD40161BD 

SCL4161BE 

CD40161BE 

SCL4162BC 

CD40162BF 

SCL4162BD 

CD40162BD 

SCL4162BE 

CD40162BE 

SCL4163BC 

CD40163BF 

SCL4163BD 

CD40163BD 

SCL4163BE 

CD40163BE 

SCL4174BC 

CD40174BF 

SCL4174BD 

CD40174BD 

SCL4174BE 

CD40174BE 

SCL4502BC 

CD4502BF 

SCL4502BD 

CD4502BD 

SCL4502BE 

CD4502BE 

SCL4508BC 

CD4508BF 

SCL4508BD 

CD4508BD 

SCL4508BE 

CD4508BE 

SCL4510BC 

CD4510BF 

SCL4510BD 

CD4510BD 

SCL4510BE 

CD4510BE 

SCL4511BC 

CD4511BF 

SCL4511BD 

CD4511BD 

SCL4511BE 

CD4511BE 

SCL4512BC 

CD4512BF 

SCL4512BD 

CD4512BD 

SCL4512BE 

CD4512BE 

SCL4514BC 

CD4514BF 

SCL4514BD 

CD4514BD 

SCL4514BE 

CD4514BE 

SCL4515BC 

CD4515BF 

SCL4515BD 

CD4515BD 

SCL4515BE 

CD4515BE 

SCL4516BC 

CD4516BF 

SCL4516BD 

CD4516BD 

SCL4516BE 

CD4516BE 

SCL4517BC 

CD4517BF 

SCL4517BD 

CD4517BD 

SCL4517BE 

CD4517BE 

SCL4518BC 

CD4518BF 

SCL4518BD 

CD4518BD 

SCL4518BE 

CD4518BE 

SCL4520BC 

CD4520BF 

SCL4520BD 

CD4520BD 

SCL4520BE 

CD4520BE 

SCL4527BC 

CD4527BD 


Industry 

Type 

RCA 

Replacement 

Type 

SCL4527BD 

CD4527BF 

SCL4527BE 

CD4527BE 

SCL4528BC 

CD4528BF 

SCL4528BD 

CD4528BD 

SCL4528BE 

CD4528BF 

SCL4532BC 

CD4532BF 

SCL4532BD 

CD4532BD 

SCL4532BE 

CD4532BE 

SCL4543BC 

CD4543BF 

SCL4543BD 

CD4543BD 

SCL4543BE 

CD4543BE 

SCL4555BC 

CD4555BF 

SCL4555BD 

CD4555BD 

SCL4555BE 

CD4555BE 

SCL4556BC 

CD4556BF 

SCL4556BD 

CD4556BD 

SCL4556BE 

CD4556BE 

SCL4581BC 

CD40181BF 

SCL4581BD 

CD40181BD 

SCL4581BE 

CD40181BE 

SCL4582BC 

CD40182BF 

SCL4582BD 

CD40182BD 

SCL4582BE 

CD40182BE 

SCL4584BC 

CD40106BF 

SCL4584BD 

CD40106BD 

SCL4584BE 

CD40106BE 

SCL4585BC 

CD4585BF 

SCL4585BD 

CD4585BD 

SCL4585BE 

CD4585BE 

TC4001BP 

CD4001BE 

TC4001UBP 

CD4001UBE 

TC4002BP 

CD4002BE 

TC4006BP 

CD4006BE 

TC4007UBP 

CD4007UBE 

TC4008BP 

CD4008BE 

TC4009UBP 

CD4009UBE 

TC4010BP 

CD4010BE 

TC4011BP 

CD4011BE 

TC4011UBP 

CD4011UBE 

TC4012BP 

CD4012BE 

TC4013BP 

CD4013BE 

TC4014BP 

CD4014BE 

TC4015BP 

CD4015BE 

TC4016BP 

CD4016BE 

TC4017BP 

CD4017BE 

TC4018BP 

CD4018BE 

TC4019BP 

CD4019BE 

TC4020BP 

CD4020BE 

TC4021BP 

CD4021BE 

TC4022BP 

CD4022BE 

TC4023BP 

CD4023BE 

TC4024BP 

CD4024BE 

TC4025BP 

CD4025BE 

TC4027BP 

CD4027BE 

TC4028BP 

CD4028BE 
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Industry 

Type 

RCA 

Replacement 

Type 

TC4029BP 

CD4029BE 

TC4030BP 

CD4030BE 

TC4032BP 

CD4032BE 

TC4034BP 

CD4034BE 

TC4035BP 

CD4035BE 

TC4036B 

CD4036A 

TC4038BP 

CD4038BE 

TC4039B 

CD4039A 

TC4040BP 

CD4040BE 

TC4042BP 

CD4042BE 

TC4043BP 

CD4043BE 

TC4044BP 

CD4044BE 

TC4047BP 

CD4047BE 

TC4049BP 

CD4049UBE 

TC4050BP 

CD4050BE 

TC4051BP 

CD4051BE 

TC4052BP 

CD4052BE 

TC4053BP 

CD4053BE 

TC4054BP 

CD4054BE 

TC4055BP 

CD4055BE 

TC4056BP 

CD4056BE 

TC4061 

CD4061A 

TC4063BP 

CD4063BE 

TC4066BP 

CD4066BE 

TC4068BP 

CD4068BE 

TC4069BP 

CD4069UBE 

TC4071BP 

CD4071BE 

TC4072BP 

CD4072BE 

TC4073BP 

CD4073BE 

TC4075BP 

CD4075BE 

TC4076BP 

CD4076BE 

TC4078BP 

CD4078BE 

TC4081BP 

CD4081BE 

TC4082BP 

CD4082BE 

TC4083BP 

CD4083BE 

TC4085BP 

CD4085BE 

TC4086BP 

CD4086BE 

TC4093BP 

CD4093BE 

TC4094BP 

CD4094BE 

TC40160BP 

CD40160BE 

TC40161BP 

CD40161BE 

TC40162BP 

CD40162BE 

TC40163BP 

CD40163BE 

TC40174BP 

CD40174BE 

TC40175BP 

CD40175BE 

TC40192BP 

CD40192BE 

TC40193BP 

CD40193BE 

TC4508BP 

CD4508BE 

TC4510BP 

CD4510BE 

TC4511BP 

CD4511BE 

TC4512BP 

CD4512BE 

TC4514BP 

CD4514BE 

TC4515BP 

CD4515BE 

TC4516BP 

CD4516BE 

TC4518BP 

CD4518BE 


Industry 

Type 

RCA 

Replacement 

Type 

TC4520BP 

CD4520BE 

TC4527BP 

CD4527BE 

TC4532BP 

CD4532BE 

TC4543BP 

CD4543BE 

TC4544BP 

CD4555BE 

TC4556BP 

CD4556BE 

TC4585BP 

CD4585BE 

TP4000AN 

CD4000AE 

TP4001AN 

CD4001AE 

TP4001AN 

CD4002AE 

TP4001BN 

CD4001BE 

TP4007AN 

CD4007AE 

TP4007UBN 

CD4007UBE 

TP4008BN 

CD4008BE 

TP4009AN 

CD4009AE 

TP4009UBN 

CD4009UBE 

TP4010AN 

CD4010AE 

TP4010BN 

CD4010BE 

TP4011AN 

CD4011AE 

TP4011BN 

CD4011BE 

TP4012AN 

CD4012AE 

TP4013AN 

CD4013AE 

TP4013BN 

CD4013BE 

TP4014AN 

CD4014AE 

TP4015AN 

CD4015AE 

TP4015BN 

CD4015BE 

TP4016AN 

CD4016AE 

TP4016UBN 

CD4016BE 

TP4017AN 

CD4017AE 

TP4018AN 

CD4018AE 

TP4018BN 

CD4018BE 

TP4019AN 

CD4019AE 

TP4019BN 

CD4019BE 

TP4020AN 

CD4020AE 

TP4020BN 

CD4020BE 

TP4021AN 

CD4021AE 

TP4022AN 

CD4022AE 

TP4023AN 

CD4023AE 

TP4024AN 

CD4024AE 

TP4024BN 

CD4024BE 

TP4025AN 

CD4025AE 

TP4027AN 

CD4027AE 

TP4027BN 

CD4027BE 

TP4028AN 

CD4027AE 

TP4028BN 

CD4028BE 

TP4029AN 

CD4029AE 

TP4030AN 

CD4030AE 

TP4030BN 

CD4030BE 

TP4035BN 

CD4035BE 

TP4040AN 

CD4040AE 

TP4040BN 

CD4040BE 

TP4042AN 

CD4042AE 

TP4042BN 

CD4042BE 

TP4043AN 

CD4043AN 

TP4043BN 

CD4043BE 


Industry 

Type 

RCA 

Replacement 

Type 

TP4044AN 

CD4044AE 

TP4044BN 

CD4044BE 

TP4049AN 

CD4049AE 

TP4049UBN 

CD4049UBE 

TP4050AN 

CD4050AE 

TP4050BN 

CD4050BE 

TP4051AN 

CD4051AE 

TP4051BN 

CD4051BE 

TP4052AN 

CD4052AE 

TP4052BN 

CD4052BE 

TP4053AN 

CD4053AE 

TP4053BN 

CD4053BE 

TP4066AN 

CD4066AE 

TP4068AN 

CD4068AE 

TP4069UBN 

CD4069UBE 

TP4070BN 

CD4070BE 

TP4071BN 

CD4071BE 

TP4072BN 

CD4072BE 

TP4073BN 

CD4073BE 

TP4075BN 

CD4075BE 

TP4081BN 

CD4078BE 

TP4082BN 

CD4081BE 

TP4083BN 

CD4082BE 

TP4511BN 

CD4511BE 

TP4512BN 

CD4512BE 

TP4520AN 

CD4520AE 

A/PD4001C 

CD4001AE 

A/PD4002C 

CD4002AE 

/iPD4011C 

CD4011AE 

/;PD4012C 

CD4012AE 

/iPD4013C 

CD4013AE 

A(PD4014C 

CD4014AE 

/iPD4015C 

CD4015AE 

/iPD4017C 

CD4017BE 

/iPD4019C 

CD4019AE 

AfPD4020C 

CD4020AE 

//PD4021C 

CD4023AE 

//PD4023C 

CD4023AE 

//PD4024C 

CD4024BE 

//PD4025C 

CD4025AE 

AfPD4027C 

CD4027AE 

AfPD4028C 

CD4028AE 

AfPD4029C 

CD4029AE 

/tiPD4030C 

CD4030AE 

//PD4034C 

CD4034BE 

A(PD4035C 

CD4035BE 

yuPD4040C 

CD4040BE 

/yPD4042C 

CD4042AE 

/WPD4043C 

CD4043BE 

^PD4044C 

CD4044BE 

/iPD4049C 

CD4049AE 

/;PD4050C 

CD4050AE 

/iPD4051C 

CD4051BE 

/yPD4052C 

CD4052BE 

/iPD4053C 

CD4053BE 
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Industry 

Type 

RCA 

Replacement 

Type 

A/PD4063C 

CD4063BE 

//PD4066C 

CD4066AE 

/yPD4069C 

CD4069UBE 

AfPD4071C 

CD4071BE 

AfPD4072C 

CD4072BE 

/iPD4073C 

CD4073BE 

/iPD4075C 

CD4075BE 

AfPD4081C 

CD4081BE 

AfPD4082C 

CD4082BE 

//PD4093C 

CD4093BE 


Industry 

Type 

RCA 

Replacement 

Type 

//PD4094C 

CD4094BE 

/yPD4099C 

CD4099BE 

//PD4508C 

CD4508BE 

//PD4510C 

CD4510BE 

/yPD4511C 

CD4511BE 

//PD4514C 

CD4515BE 

//PD4516C 

CD4516BE 

/iPD4518C 

CD4518BE 

AfPD4520C 

CD4520BE 

/yPD4532C 

CD4532BE 



RCA 

Industry 

Replacement 

Type 

Type 

A/PD4555C 

CD4555BE 

AfPD4556C 

CD4556BE 
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General Operating and Application Considerations 


This section is intended as a guide to cir- 
cuit and equipment designers in the 
operation and application of MOS inte- 
grated circuits. It covers general operat- 
ing and handling considerations with re- 
spect to the following critical factors; 

• Operating supply-voltage range 

• Power dissipation and derating 

• System noise considerations 

• Power-source rules 

• Gate-oxide protection networks 

• Input signals and ratings 

• Chip assembly and storage 

• Device mounting 

• Testing 

More specific information is then given 
on significant features, special design 
and application requirements, and 
standard ratings and electrical character- 
istics for CMOS A- and B-series logic 
circuits, and on CMOS special-function 
circuits (telecommunications and special 
interface and display driver circuits). 


GENERAL OPERATING AND 
HANDLING CONSIDERATIONS 


The following paragraphs discuss some 
key operating and handling considera- 
tions that must be taken into account to 
achieve maximum advantage of the 
CMOS technology. Additional informa- 
tion on the operation and handling of 
CMOS integrated circuits is given in 
ICAN-6525, “Guide to Better Handling 
and Operation of CMOS Integrated Cir- 
cuits,” included in the Application Notes 
Section of this DATABOOK. 


crystal oscillators, a minimum supply 
voltage of 4 volts is recommended. 

Power Dissipation and Derating 

The power dissipation of a CMOS inte- 
grated circuit is the sum of a dc (quies- 
cent) component and an ac (dynamic) 
component. The dc component is the 
sum of the net integrated-circuit reverse 
diode-junction current and the surface 
leakage current times the supply volt- 
age. In standard A- or B-series logic de- 
vices, the dc dissipation typically ranges, 
depending upon device complexity, 
from 100 to 400 nanowatts for a supply 
voltage of 10 volts. Worst-case dc dissi- 
pation Is the product of the maximum 
quiescent current (given in the data 
sheet on each device) and the dc supply 
voltage Vdd. 

Dynamic power dissipation has 3 com- 
ponents: 

a) The dissipation that results from cur- 
rent that charges and discharges the 
external load capacitance of the out- 
put buffers. The dissipation of each 
output buffer Is equal to CV^f, where 
C is the load capacitance, V Is the 
supply voltage, and F is the switching 
frequency of that output. 

b) The dissipation that results from cur- 
rent that charges and discharges the 
Internal node capacitances. 

c) The dissipation caused by the cur- 
rent spikes through the PMOS and 
NMOS transistors In series at the in- 
stant of switching. This component 
amounts to approximately 10 per 
cent of the total dissipation, shown 
graphically in the data sheets of most 
RCA CMOS circuits. 



Fig. 1— Standard CMOS thermal derating 
chart. 


System Noise Considerations 

In general, CMOS devices are much less 
sensitive to noise on power and ground 
lines than bipolar logic families (such as 
TTL or DTL). However, this sensitivity 
varies as a function of the power-supply 
voltage, and more importantly as a 
function of synchronism between noise 
spikes and inputtransitions. Good power 
distribution in digital systems requires 
that the power bus have a low dynamic 
impedance: for this purpose, discrete 
decoupling capacitors should be dis- 
tributed across the power bus. A more 
detailed discussion of CMOS noise 
immunity is provided by ICAN-6587, 
"Noise Immunity of B-series CMOS Inte- 
grated Circuits,” in the Application Notes 
Section. 

Power-Source Rules 

Fig. 2 shows the basic CMOS inverter and 
its gate-oxide protection network plus 
inherent diodes. The safe operating 
procedures listed below can be under- 
stood by reference to this inverter. 


Operating Supply-Voltage Range 

Because logic systems occasionally ex- 
perience transient conditions on the 
power-supply line which, when added to 
the nominal power-bus voltage, could 
exceed the safe limits of circuits con- 
nected to the power bus, the recom- 
mended operating supply-voltage ranges 
are 3 to 12 volts for A-series devices and 
3 to 18 volts for B-series devices. The 
recommended maximum power-supply 
limit is substantially below the minimum 
primary breakdown limit for the devices 
to allow for limited power-supply tran- 
sient and regulation limits. For circuits 
that operate In a linear mode over a por- 
tion of the voltage range, such as RC or 


All CMOS devices are rated at 200 mW 
per package at the maximum operating 
ambient temperature rating (Ta) for the 
package type (85° C for plastic packages 
and 125°C for ceramic packages). Power 
ratings for temperatures below the max- 
imum operating temperature are shown 
in the standard CMOS thermal derating 
chart in Fig. 1 . This chart assumes that (a) 
the device is mounted and soldered (or 
placed in a socket) on a PC board; (b) 
there Is natural convection cooling, with 
the PC board mounted horizontally: and 
(c) the pressure is standard (14.7 psia). In 
addition to the over-all package dissipa- 
tion, device dissipation per output tran- 
sistor is limited to 100 mW maximum over 
the full package operating-temperature 
range. 



R2«RI 

* THESE DIODES ARE INHERENTLY PART OF THE 
MANUFACTURING PROCESS. 

92CS-27965RE 

Fig. 2— Basic CMOS inverter with B-series 
types protection network. 

1. When separate power supplies are 
used for the CMOS device and for 
the device inputs, the device power 
supply should always be turned on 
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before the independent input signal 
sources, and the input signals should 
be turned off before the power supply 
is turned off (Vss <Vi <Vdd as a maxi- 
mum limit). This rulewill prevent over- 
dissipation and possible damage to 
the D2 input-protection diode when 
the device power supply is grounded. 
When the device power supply is an 
open circuit, violation of this rule can 
result in undesired circuit operation 
although device damage should not 
result; ac inputs can be rectified by di- 
ode D2 to act as a power supply. 

2. The power-supply operating voltage 
should be kept safely below the abso- 
lute maximum supply rating, as indi- 
cated previously. 

3. The power-supply polarity for 
CMOS circuits should not be revei sen' 
The positive (Vdd) terminal should 
never be more than 0.5 volt negative 
with respect to the negative (Vss) ter- 
minal (Vdd — Vss>-0.5\/). Reversal of 
polarities will forward-bias and short 
the structural and protection diode 
between Vdd and Vss. 

4. Vdd should be equal to or greater than 
Vcc for CMOS buffers which have 
two power supplies (except for the 
CD40109B, and in particular, for CD- 
4009 and CD4010 CMOS-to-TTL 
“down”-conversion devices). 

5. Power-source current capability 
should be limited to as low a value as 
reasonable to assure good logic oper- 
ation. 

6. Large values of resistors in series with 
Vdd or Vss should be avoided; tran- 
sient turn-on of input protection di- 
odes can result from drops across 
such resistors during switching. 


Gate-Oxide Protection Network 

A problem occasionally encountered in 
handling and testing low-power semi- 
conductor devices, including MOS and 
small-geometry bipolar devices, has 
been damage to gate oxide and/or p-n 
junctions. Fig. 3 shows the gate-oxide 
protection circuits used to protect CMOS 
devices from static electricity damage. 
ICAN-6572 gives further information on 
protection circuits. Although these cir- 
cuits are included in all CMOS devices, 
the handling precautions in ICAN-6572 
and ICAN-6525 should be observed. 


<PUT 




92CS- 29509 


(a) For standard A-series CMOS product. 



(b) For improved B-series CMOS prod- 
uct. 



(c) ForCD4049UB. CD4050B, andCD40109B 
CMOS types. 
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MANUFACTURING PROCESS. 
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(d) For CMOS transmission gates. 


Fig. 3— Gate-oxide protection networks used in 
RCA CMOS integrated circuits. 


Input Signals and Ratings 

1. Input signals should be maintained 
within the power-supply voltage 
range, Vss < Vi < Vdd. If the input sig- 
nal exceeds the recommended input- 
signal-swing range, the input current 


should be limited to ±100/iA to mini- 
mize cross talk between Input signals 
on adjacent terminals, and also to 
minimize any reduction In noise im- 
munity. 

The absolute-maximum input-cur- 
rent rating of ±10 mA, shown in the 
published data, protects the device 
against the possible occurence of an 
induced Vdd — Vss latch condition, or 
damage to the input protection di- 
odes. Latch-up conditions are ex 
plained in ICAN-6525. 

2. ALL CMOS inputs should be termi- 
nated. An exception can be made in 
the case of unbuffered NOR and 
NAND gates (A-series and UB types) 
where terminating one of the series 
inputs to the proper polarity will not 
permit current flow caused by a float- 
ing input. Thus, tying low one of the 
inputs of an unbuffered NAND gate, 
or tying high one of the inputs of an 
unbuffered NOR gate will satisfy this 
requirement. 

When CMOS inputs are wired to edge 
card connectors with CMOS drive 
coming from another PC board, a 
shunt resistor in the range of 100 
kohms should be connected to Vqd or 
Vss. applicable, in case the inputs 
become unterminated with the power 
supply on. 

3. When CMOS circuits are driven by 
TTL logic, a “pull-up” resistor should 
be connected from the CMOS input to 
5 volts (further information is given in 
ICAN-6602). 



Output Rules 

1. The power dissipation in a CMOS 
package should not exceed the rated 
value for the ambient temperature 
specified. The actual dissipation 
should be calculated when (a) short- 
ing outputs directly to Vdd or Vss, (b) 
driving low-impedance loads, or (c) 
directly driving the base of p-n-p or 
n-p-n bi-polar transistor. 

2. Output short circuits often result from 
testing errors or improper board as- 
sembly. Shorts on buffer outputs or 
across power supplies greater than 5 
volts can damage CMOS devices. 

3. CMOS, like active pull-up TTL, cannot 
be connected in the “wire-OR” con- 
figuration because an “on” PMOS and 
an “on” NMOS transistor could be 
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directly shorted across the power- 
supply rails. (Exception: CD40107B) 

4. Paralleling inputs and outputs of 
gates Is recommended only when the 
gates are within the same IC package. 

5. Output loads should return to a volt- 
age within the supply-voltage range 
(Vdd to Vss). 

6. Large capacitive loads (greater than 
5000 pF) on CMOS buffers or high- 
current drivers act like short circuits 
and may over-dlssipate output transis- 
tors. 

7. Output transistors may be over-dissi- 
pated by operating buffers as linear 
amplifiers or using these types as 
one-shot or astable multivibrators. 

Noise Immunity and Noise Margin 

The complementary structure of the in- 
verter, common to all CMOS logic de- 
vices, results in a near-ideal input-output 
transfer characteristic, with switching 
point midway (45% to 55%) between the 0 
and 1 output logic levels. The result is 
high dc noise immunity. 

Fig. 4 shows a typical transfer curve that 
may be used to define the dc noise 
immunity of CMOS Integrated circuits. 
The noise-immunity voltage (V|LorV|H) is 
the noise voltage at any one input that 
does not propagate through the system. 
Minimum noise immunity for buffered B- 
series CMOS devices is 30, 30, and 27 per 
cent, respectively for supply voltages 
Vdd 5, 10, 15 volts and 20 per cent 
of Vdd ^01' ^ill unbuffered gates. The V|l 
and V|H specifications define the maxi- 
mum permissible additive noise voltage 
at an input terminal when input signals 
are within 50 millivolts of the supply rails. 



V|N 

92CS-295I2 

Fig. 4— Typical transfer curve for a inverting 
gate at Vdd = 10 V. 


Noise margin is the difference between 
the noise-immunity voltage (Vil or Vih) 
and the output voltage Vo. Noise-margin 
voltage is the maximum voltage that can 
be Impressed upon an Input voltage Vin 
( where Vin is the Vol or Voh voltage of the 
preceding stage) at any (or all) logic I/O 
terminals without upsetting the logic or 
causing any output to exceed the output 
voltage (Vo) conditions specified for Vil 
and Vih ratings. Fig. 5 Illustrates the 
noise-margin concept in a simple sys- 
tem. Minimum noise margins for buf- 
fered B-series CMOS devices are 1, 2, 
and 2.5 volts, respectively, for supply vol- 
tages of 5, 10, and 15 volts. 

VDD-5V Vol«0.5V Vo„.4.5V 
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Fig. 5 — Noise margin example b^ing invert- 
ers. 

Of the two noise-limitation specifica- 
tions (noise immunity and noise mar- 
gin), RCA considers noise immunity to 
be more practical for CMOS devices 
because CMOS outputs are normally 
within 50 millivolts of supply rails. 

Noise immunity increases as the Input 
pulse width becomes less than the prop- 
agation delay of the circuit. This condi- 
tion is often described as ac noise immu- 
nity. (Further information on noise im- 
munity Is given in ICAN-6587). 

Clock Rise- and Fall-Time Requirements 

Most CMOS clocked devices have maxi- 
mum rise- and fall-time ratings (normally 
5 to 15 microseconds). With longer rise or 
fall times, a device may not function 
properly because of data ripple-through, 
false triggering problems, etc. Some B- 
series CMOS counters have Schmitt- 
trigger shaping circuits built Into the 
clock circuit, removing the restriction for 
input rise or fall times. Long rise and fall 
times on CMOS buffer-type inputs cause 
increased power dissipation which may 
exceed device capability for operating 
power-supply voltages greater than 5 
volts. 

Parallel Clocking 

Process variations leading to differences 
in input threshold voltage among ran- 
dom device samples can cause loss of 


data between certain synchronously 
clocked sequential circuits, as shown in 
Fig. 6. This problem can be avoided if the 
maximum clock rise time (LCL) for cas- 
cading any two CMOS sequential de- 
vices Is limited in accordance with the 
following equations: 

A Series Types 

Maximum trCL = - ^ X tp(«5) 
l.2o (V) 

B Series Types 

Maximum trCL = X ip{ns) 

where tp = tpHL or tpLH (whichever Is 
smaller) for the unit A In Fig. 6 as speci- 
fied on the device data sheet at the speci- 
fied value of Vdd and loading conditions. 
Schmitt trigger circuits such as the CD- 
4093B are an ideal solution to applica- 
tions requiring wave-shaping. 


CASCADING WITH SLOW CLOCK 
CAN CAUSE ERROR 



D Q| 
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Fig. 6— Error effect that results from a slow 
clock in cascaded circuits. 


Three-State Logic 

Three-state logic can be easily imple- 
mented by use of a transmission gate in 
the output circuit; this technique pro- 
vides a solution to the wIre-OR problem 
In many cases. 

Chip Assembly and Storage 

RCA CMOS integrated circuits are pro- 
vided in a chip form (H suffix) to allow 
customer design of special and complex 
circuits to suit Individual needs. CMOS 
chips are electrically identical to and offer 
the features of their counterparts sealed 
in ceramic and plastic packages. The fol- 
lowing paragraphs describe mounting 
considerations, packaging, shipping and 
storage criteria, handling criteria, visual 
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inspection criteria, testing criteria, and 
bonding pad layout and dimensions for 
each chip. 

Mounting Considerations. All CMOS 
chips are non-gold backed and require 
the use of epoxy mounting. DuPont 
No’s. 6838 or 5504A conductive silver 
paste or equivalent is recommended. In 
any case the manufacturer’s recommend- 
ations for storage and use should be 
followed. If DuPont No., 6838 or 5504A 
paste is used, the bond should be cured 
at temperatures between 185°C and 
200° C for 75 minutes. 

In CMOS circuits MOS-transistor p- 
channel substrates (n-type bulk materi- 
al) are connected to Vdd, therefore, when 
chips are mounted and a conductive 
paste Is used care must be taken to keep 
the active substrate Isolated from ground 
or other circuit elements. 

Packing, Shipping, and Storage Criteria. 

Solid-state chips, being small in size and 
unencapsulated, are physically fragile 
and small in physical size, and therefore, 
require special handling considerations 
as follows: 

1. Chips must be stored under proper 
conditions to insure that they are not 
subjected to a moist and/or contami- 
nated atmosphere that could alter 
their electrical, physical, or mechani- 
cal characteristics. After the shipping 
container is opened, the chip must be 
stored under the following condi- 
tions: 

A. Storage temperature, 40° C max. 

B. Relative humidity, 50% max. 

C. Clean, dust-free environment. 

2. The user must exercise proper care 
when handling chips to prevent even 
the slightest physical damage to the 
chip. 

3. During mounting and lead bonding of 
chips the user must use proper as- 
sembly techniques to obtain proper 
electrical, thermal, and mechanical 
performance. 

4. After the chip has been mounted and 
bonded, any necessary procedure 
must be followed by the user to insure 
that these non-hermetic chips are not 
subjected to a moist and contaminat- 
ed atmosphere which might cause the 
development of electrical conductive 
paths across the relatively small insu- 
lating surfaces. In addition, proper 
consideration must be given to the 


protection of these devices from 
other harmful environments which 
could conceivably affect, their 
performance and/or reliability. 

Handling Criteria. The user should find 
the following suggested precautions 
helpful in handling CMOS chips. 

Because of the extremely small size and 
fragile nature of chips, the equipment 
designer should exercise care in 
handling these devices. 

For additional handling considerations 
for CMOS devices, refer to ICAN-6525, 
“Guide to Better Handling and Operation 
of CMOS integrated Circuits.” 

1. Grounding 

a. Bonders, pellet pick-up tools, table 
tops, trim and form tools, sealing 
equipment, and other equipment 
used in chip handling should be 
properly grounded. 

b. The operator should be properly 
grounded. 

2. In-Process Handling 

a. Assemblies or subassemblies of 
chips should be transported and 
stored in conductive carriers. 

b. All external leads of the assemblies 
or subassemblies should be short- 
ed together. 

3. Bonding Sequence 

a. Connect Vdd first to external con- 
nections, for example, terminal 14 
of the CD4001AH. 

b. Remaining functions may be con- 
nected to their external connec- 
tions in any sequence. 

4. Testing 

a. Transport all assemblies of chips 
in conductive carriers. 

b. In testing chip assemblies or sub- 
assemblies, the operator should be 
properly grounded. 

Visual Inspection Criteria. All standard 
commercial CMOS chips undergo a 
visual inspection which is patterned after 
MIL-STD-883, Method 2010, Condition B 
with modifications reflecting CMOS 
requirements. 

Testing Criteria. CMOS chips are dc elec- 
trically tested 100% in accordance with 
the same standards prescribed for RCA 
devices in standard packages. 

Device Testing 

RCA CMOS circuits are 100-percent 


tested by circuit probe in the wafer stage 
and are 100-percent tested again after 
they have been packaged. DC tests of 
RCA devices are performed at 5, 10, 15, 
and 20 volts; functionality is checked at 
2.8, 17, and 20 volts depending on family 
(i.e., A or B series). Sample testing is 
used to assure adherence to quality re- 
quirements and ac specifications. 

Static tests, high-speed functional and 
dc parametric tests, are performed at 
wafer and package stages by means of a 
Teradyne J283 test set. A Teradyne 
S157CM test set and a Macrodata MD154 
test set are used in dynamic testing. Dy- 
namic tests are performed with 1 5 and 50 
picofarad loads. Testing at 15 picofarads 
is accomplished primarily by laboratory 
“bench-test” techniques; automatic test- 
ing at 15 picofarads is difficult because 
of the high input capacitance (approxi- 
mately 20 to 35 picofarads) of most auto- 
matic ac test sets. 

Users should follow the sequence below 
when testing CMOS devices: 

1 . Insert the device into the test socket. 

2. Apply Vdd. 

3. Apply the input signal. 

4. Perform the test. 

5. On completion of test, remove the in- 
put signal. 

6. Turn off the power supply (Vdd). 

7. Remove the device from the test socket 
and insert it into a conductive carrier. 
CMOS devices under test must not be 
exposed to electrostatic discharge or 
forward biasing of the intrinsic protec- 
tive diodes shown in Fig. 3. 

Detailed information on the techniques 
employed in the testing of RCA CMOS 
integrated circuits are described in ICAN- 
6532 included in the Application Notes 
Section of this DATABOOK. 


Device Mounting 

Integrated circuits are normally supplied 
with lead-tin plated leads to facilitate 
soldering into circuit boards. In those 
relatively few applications requiring 
welding of the device leads, rather than 
soldering, the devices may be obtained 
with nickel-plated Kovar leads.* Itshould 
be recognized that this type of plating 
will not provide complete protection 
against lead corrosion In the presence of 
high humidity and mechanical stress. 

*MIL-M-38510, paragraph 3,5,6,1 (a), lead 
material 
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In any method of mounting integrated 
circuits which involves bending or form- 
ing of the device leads, it is extremely im- 
portant that the lead be supported and 
clamped between the bend and the 
package seal, and that bending be done 
with care to avoid damage to iead plat- 
ing. In no case should the radius of the 
bend be less than the diameter of the 
lead. It is also extremely important that 
the ends of bent leads be straight to as- 
sure proper insertion through the holes 
in the printed-circuit board. 

A-SERIES CMOS 
INTEGRATED CIRCUITS 

RCA CD4000A-serles types have a maxi- 
mum dc supply-voltage rating of -0.5 to 
15 volts, and a recommended operating 
supply-voltage range of 3 to 1 2 volts. The 
major features of this series are as fol- 
lows: 

• Quiescent current specified to 15 
volts 

• 5-volt and 10-volt parametric ratings 

• Maximum input leakage of 1/><A at 15 
volts over the full package operat- 
ing-temperature range 

• 1-volt noise margin (full package 
temperature range) 


Table I shows the maximum ratings and 
the recommended operating supply-volt- 
age range for RCA A-series CMOS inte- 
grated circuits. 

Static Electrical Characteristics 

Table II shows the standard dc electrical 
characteristics for A-series types. The 
data sheet for each of these types con- 
tains the family characteristics shown in 
T able I plus additional dc characteristics 
that are type-dependent. 


Dynamic Electrical Characteristics 

A-series dynamic electrical characteris- 
tics are specified for individual types un- 
der the following conditions: Vdd = 5 V 
and 1 0 V; Ta = 25° C (temperature coeffi- 
cient Is typically 0.3%/®C); Cl = 15 pF; tr 
and tf of inputs = 20 ns. 


HIGH-VOLTAGE B-SERIES 
CMOS INTEGRATED 
CIRCUITS 

RCA-CD4000B-series types have a max- 
imum dc supply-voltage rating of -0.5 to 
20 volts, and a recommended operating 
supply-voltage range of 3 to 1 8 volts. The 


major features of this series are as fol- 
lows: 

• High-voltage (20-V) ratings 

• 100% tested for quiescent current at 
20 V 

• 5-V, 10-V, and 15-V parametric rat- 
ings 

® Standardized, symmetrical output 
characteristics 

» Maximum input current of 1 /iA at 18 
V overfull-package-temperature 
range; 100 n A at 18 V and 25® C 

• Noise margin (full package-temper- 
ature range) = 

1 VatVoD = 5 V 
2VatVDD = 10 V 
2.5VatVDD = 15 V 

• Meets all requirements of JEDEC 
Tentative Standard No. 13B, “Stand- 
ard Specifications for Description of 
‘B’ Series CMOS Devices 


JEDEC Minimum Standard 

Under the sponsorship of the Joint Elec- 
tron Devices Engineering Council 
(JEDEC) of the Electronic Industries As- 
sociation (EIA), minimum industrial 
standards have been established for the 


Table I — Maximum Ratings and Recommended Operating Conditions for A-Series CMOS 
integrated Circuits 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vqd) 

(Voltages referenced to Vss Terminal) -0.5 to +15 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0.5 V 

POWER DISSIPATION PER PACKAGE (Pd): 

For T^ = -40 to +60° 0 (PACKAGE TYPE E) 500 mW 

For T^ = +60 to +85° 0 (PACKAGE TYPE E) Derate Linearly to 200 mW 

For T;^ = -55 to +100° C (PACKAGE TYPES D, F, K, H) 500 mW 

For T;^ = +100 to +125°C (PACKAGE TYPES D, F, K, H) Derate Linearly to 100 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T;^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H -55 to +125° C 

PACKAGE TYPE E -40 to +85° C 

STORAGE TEMPERATURE RANGE (Tstg) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from case for 10 s max +265°C 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that opera- 
ation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

Min. 

Max. 

Supply-Voltage Range (For Ta = Full Package- 
Temperature Range) 

3 

12 

V 
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Table II — A-Serles Static Electrical Characteristics (Full Package Temperature Range) 





CONDITIONS 



LIMITS 



SYMBOL 

PARAMETER 

ViN 

Vo (volts) 

Vdd 



■ 




VOLTS 


MAX. 

VOLTS 


TYP. 


UNITS 

VoL 

Output Low 

5 

BB 

— 

5 

— 

0 


V 


Voltage 

10 


— 

10 

— 

0 


V 

I 

o 

> 

Output High 

0 

■B| 

IjB 

5 


5 

IjB 

V 



Voltage 

0 



10 


10 

— 

V 


Noise Voltage 


3.6 

— 

5 

1.5 

2.25 

— 

V 


(Input Low) 

IBIII 

7.2 

— 

10 

3 

4.5 

— 

V 



— 

— 

1.4 

5 

1.5 

2.25 

— 




— 

— 

2.8 

10 

3 

4.5 

— 


Vnl 

Noise Voltage 

■S| 

4.2 


5 

1.5 

2.25 

— 


(MSI Types) 

(Input Low) 

B 

9.0 


10 

3 

4.5 

— 


Vnh 


— 

— 

0.8 

5 

1.5 

2.25 

— 


(MSI Types) 

(Input High) 

— 

— 

1.0 

10 

3 

4.5 

— 


Vnml 


— 

4.5 

— 

5 

■■ 

— 

— 




— 

9.0 

— 

10 

WM 

— 

— 




— 

— 


5 

■■ 

■Bj 

— 


HIH 


— 

— 

■n 

10 

!■ 

1911 

— 



Input Leakage 

Low 

■ 

■ 

■ 

15 

— 

±10’® 

±1 


II 

Quiescent Device 
Leakage 

■ 

■ 

■ 


See Data Sheets 

M 

Idn, Idp 

Output Source and 
Sink current 

■ 

■ 

■ 

5,10 

See Data Sheets 

mA 


Note; Logic Level Inversion Assumed in Table II. 


maximum ratirigs, static and ac electri- 
cal characteristics of B-series CMOS in- 
tegrated circuits. The JEDEC standard 
(JEDEC Tentative Standard No. 13B) 
defines B-series CMOS integrated cir- 
cuits as a uniform family of both buffered 
and unbuffered types that have an abso- 
lute dc supply-voltage rating of at least 
18 volts. 

Buffered CMOS devices are types in 
which the output “on” impedance is in- 
dependent of any and all valid input logic 
conditions, both preceding and present. 
All such CMOS product are designated 
by the suffix "B” following the basic type 
number. 

Unbuffered CMOS devices are types 
that meet all B-series specifications ex- 
cept that the logical outputs are not buf- 
fered and the noise-immunity voltages, 
ViL and ViH, are specified as 20 and 80 per 
cent, respectively, of Vdd for operation 
from 5 or 1 0 volts, and 1 7 and 83 per cent, 
respectively, of Vdd for operation from 1 5 
volts. All such CMOS product are desig- 
nated by the suffix “UB”. 


The JEDEC minimum standard also in- 
cludes in the B-series CMOS types that 
have analog inputs or outputs and, in ad- 
dition, have maximum ratings and logi- 
cal input and output parameters that 
conform to B-series specifications 
wherever applicable. These CMOS de- 
vices are also designated by the suffix 
“B”. 

All B-series CMOS devices can directly 
replace their A-series counterparts in 
most applications. The UB types are 
high-voltage versions of corresponding 
A-series (unbuffered) types. 

Table III lists the JEDEC minimum 
standards established for the maximum 
ratings and recommended operating 
conditions for B-series CMOS integrat- 
ed circuits. 

Table IV shows the JEDEC standards for 
the static electrical characteristics of 
CMOS B-series integrated circuits. 

Standardized RCA Ratings 
and Static Characteristics 

RCA B-series CMOS integrated cir- 


cuits meet or exceed the most stringent 
requirements of the JEDEC B-series 
specifications. Table V shows the stand- 
ardized maximum ratings and recom- 
mended operating supply-voltage range 
for RCA B-series CMOS integrated cir- 
cuits. The standardized static electrical 
characteristics for these devices are 
shown in Table VI. As with the JEDEC 
specifications, the RCA standardized 
characteristics classifies the B-series 
devices into three leakage (quiescent- 
device-current) categories. Table VII lists 
the RCA types in each category and indi- 
cates types that, although they are still 
B-series types, differ in one or more static 
charactistics. 

Tables V and VI show that, in a number of 
important respects, RCA has established 
new performance standards for B-series 
CMOS logic circuits. 

1. Tight limits for all packages 

RCA devices use the same set of lim- 
its for all package styles. The JEDEC 
standard establishes two sets of limits 
for most dc (static) parameters; a 
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General Operating and Application Considerations 

Table III - JEDEC Minimum Standards for Maximum Ratings 
and Recommended Operating Conditions for B-series CMOS 
Integrated Circuits* 


Absolute Maximum Ratings (Voltages referenced to Vss): 


DC Supply Voltage 

Vdd -0.6 to +18 

Vdc 

Input Voltage 

V,N -0.5 to Vdd +0.5 

Vdc 

DC Input Current 

IlN ±10 

mAdc 

(any one input) 



Storage-Temperature Range 

Ts -65 to +150 

‘^C 

Recommended Operating Conditions: 


DC Supply Voltage 

Vdd +3 to +15 

Vdc 

Operating-Temperature Range, Ta 


Military-Range Devices 

-55 to +125 

°C 

Commercial-Range Devices 

-40 to +85 

°C 


‘Reprinted from JEDEC Tentative Standard No. 13-B, “Standard 
Specifications for Description of B-Series CMOS Devices.” 


Table IV - JEDEC Standard for Static Characteristics of B-Series CMOS Integrated Circuits^ 







LIMITS 




TEMP. 



TlOW* 

+25° C 

Thigh* 


PARAMETER 

RANGE 

(Vdc) 

CONDITIONS 

Min 

Max 

Min 

Typ 

Max 

Min 

Max 

Units 


Quiescent 


5 



0.25 



0.25 


7.5 


•dd 

Device Current 

Mil 

10 

V|N = Vss O'" Vdd 


0.5 



0.5 


15 



GATES 


15 



1.0 



1.0 


30 




5 

All valid input 


1.0 



1.0 


7.5 

uAdc 




Comm 

10 

combinations 


2.0 



2.0 


15 





15 



4.0 



4.0 


30 





5 



1.0 



1.0 


30 




Mil 

10 

V|N = Vss O'" Vdd 


2.0 



2.0 


60 



BUFFERS, 

FLIP-FLOPS 


15 



4.0 



4.0 


120 

uAdc 


Comm 

5 

All valid input 


4 



4 


30 




10 

combinations 


8 



8 


60 





15 



16 



16 


120 





5 



5 



5 


150 




Mil 

10 

V|N = Vss or Vdd 


10 



10 


300 





15 



20 



20 


600 

uAdc 
















5 

All valid input 


20 



20 


150 




Comm 

10 

combinations 


40 



40 


300 





15 



80 



80 


600 


VOL 

Low-Level 


5 



0.05 



0.05 


0.05 



Output Voltage 

All 

10 

V|N = Vss or Vdd 


0.05 



0.05 


0.05 

Vdc 




15 

[IqI <1uA 


0.05 



0.05 


0.05 


VOH 

High-Level 


5 


4.95 


4.95 



4.95 




Output Voltage 

All 

10 

V|N = Vss or Vqd 

9.95 


9.95 



9.95 


Vdc 




15 

|l0| <1uA 

14.95 


14.95 



14.95 



VlL 

Input Low 


5 

Vq = 0.5V or 4.5V 


1.5 



1.5 


1.5 



Voltage 

All 

10 

Vo= 1.0V or 9.0V 


3.0 



3.0 


3.0 

Vdc 


B Types 


15 

Vo= 1.5V or 13.5V 
|l0l <''oA 


4.0 



4.0 


4.0 





5 

Vo = 0.5V or 4.5V 


1.0 



1.0 


1.0 



UB Types 

All 

10 

Vo= 1.0V or 9.0 V 


2.0 



2.0 


2.0 

Vdc 




15 

Vo= 1.5V or 13.5V 
|IOl<1uA 


2.5 



2,5 


2.5 


V|H 

Input High 


5 

Vq = 0.5V or 4.5V 

3.5 


3.5 



3.5 




Voltage 

All 

10 

Vq = 1.0V or 9.0V 

7.0 


7.0 



7.0 


Vdc 




15 

Vo=1.5Vor 13.5V 

11.0 


11.0 



11.0 




B Types 



jlol <1uA 












5 

Vo = 0.5V or 4.5V I 

4.0 


4.0 



4.0 

1 



UB Types 

All 

10 

Vo = 1.0V or 9.0V 

8.0 


8.0 



8.0 


Vdc 




15 

Vo = 1.5V or 13.5V 
|lol<1uA 

12.5 


12.5 



12.5 
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General Operating and Application Considerations 


Table IV - JEDEC Standard for Static Characteristics of B-serles CMOS Integrated Circuits (cont’d) 







LIMITS 




TEMP. 

Vdd 


Tlow* 

+ 25° C 

Thigh* 


PARAMETER 

RANGE 

(Vdc) 

CONDITIONS 

Min 

Max 

Min 

Typ 

Max 

Min 

Max 

Units 




5 

^0 = 0-4V 

V|N =0or 5V 

0.64 


0.51 



0.36 






10 

Vq = 0.5V, 











Mil 

15 

V|M = Oor 10V 

Vq = 1.5V, 

1.6 


1.3 



0.9 



•OL 

Output Low 



V|rM - 0 or 15V 

4.2 


3.4 



2.4 


mAdc 

(Sink) Current 


5 

Vq = 0.4V, 














V|f»j = 0 or 5V 

0.52 


0.44 



0.36 






10 

Vq = 0.5V, 











Comm 

15 

V||vj = Oor 10V 

Vq = 1.5V, 

1.3 


1.1 



0.9 







V|N = Oor 15V 

3.6 


3.0 



2.4 






5 

Vq = 4.6V, 













V|fvj = 0 or 5V 

-0.25 


-0.2 



-0.14 






10 

Vo = 9.5V, 











Mil 

15 

V|M = 0 or 10V 

Vq = 13.5 V, 

-0.62 


-0.5 



-0.35 



•OH 

Output High 
(Source) 



V||M = Oor 15V 

-1.8 


-1.5 



-1.1 


mAdc 


5 

Vo = 4.6V 









Current 





10 

ViN = 0 or 5V 

Vo = 9.5V, 

-0.2 


-0.16 



-0.12 





Comm 

15 

ViN = 0or10V 

Vo = 13.5V, 

-0.5 


-0.4 



-0.3 







ViN = 0 or 15V 

-1.4 


-1.2 



-1.0 



IlN 

Input 

Current 


15 




■1 



m 

±1.0 

uAdc 



15 











Comm 

ViN = 0 or 15V 


±0.3 



±0.3 

■ 

±1.0 

uAdc 

louimax 

3-State 

Output 

Mil 

15 



±0.4 



±0.4 


±12 

uAdc 

Leakage 

Current 

Comm 

15 

ViN =0or 15V 


HQI 

■ 



■ 

±12 

uAdc 


1 

Input 

Capacitance 
per Unit Load 

All 

■ 

Any Input 


■ 

■ 

■ 

■ 

■ 

■ 

PF 


*Tlow = -55® C for Military Temp. Range device, -40° C for Commercial Temp. Range device 
‘Thigh = +125° C for Military Temp. Range device, +85° C for Commercial Temp. Range device 

A Reprinted from JEDEC Tentative Standard No. 13-B, “JEDEC Standard Specification for Description of B-series CMOS Devices.” 


tight set for products having a full op- 
erating temperature range of -55° C 
to +125°C (normally used for ceram- 
ic packages), and a relaxed set for 
products having a limited tempera- 
ture range of -40° C to +85° C (nor- 
mally used for plastic packages). Be- 
cause RCA supplies only one premi- 
um grade of B-serles product in all 
package styles (i.e., fall-out chips are 
not used), all B-series CMOS devices 
are specified to the tight set of limits 
only. 


2. Improved voltage rating 

All RCA B-series devices are tested to 
voltages that insure safe operation at 
the absolute maximum dc supply 
voltage rating of 20 volts. This higher 
rating permits greater derating for re- 
liable 15-volt operation, permitsgreat- 
er 15-volt supply tolerance and peak 
transients, and permits system use to 
18-volts with confidence. 

3. Wider operating range 

All RCA B-series devices have a rec- 


ommended maximum operating volt- 
age of 18 volts. This higher limit per- 
mits 18-volt system supply operation, 
and also permits wider power-source 
tolerances and transients for supplies 
normally set up to 18 volts. 

4. Lower leakage current 

The JEDEC standard establishes 
three sets of limits for quiescent de- 
vice current (Idd) intended to match 
chip complexity to device leakage 
current as realistically as possible. 
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General Operating and Application Considerations 


Table V- RCA Standardized Maximum Ratings and Recommended Operating Conditions for 
B-Series CMOS integrated Circuits 

Maximum Ratings, Absolute-Maximum Values 

DC SUPPLY-VOLTAGE RANGE, (Vdd) 

(Voltages referenced to Vss Terminal) -0.5 to 4-20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vdd 4-0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pd): 

For Ta = -40 to ±60“ C (PACKAGE TYPE E) 500 mW 

For Ta = ±60 to ±85“ C (PACKAGE TYPE E) Derate Linearly at 12mW/“C to 200 mW 

For T;:^ = -55 to +1 00“ C (PACKAGE TYPES D, F, K) 500 mW 

For T^ = -t-100 to -t-125“C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/“C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H -55 to ±125“ C 

PACKAGE TYPE E -40 to ±85“ C 

STORAGE-TEMPERATURE RANGE (Tsig) -65 to ±150“ C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max ±265“ C 


Recommended Operating Conditions: 

For maximum reliability, nominal operating conditions should be 
selected so that operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage Range (For 

Ta = Full Package Temp- 
erature Range) 

3 

18 

V 


For all three levels of chip complexity, 
all RCA B-series devices (regardless 
of package) conform to the tighter set 
of limits established in the standard. 
In addition, a maximum rating isspec- 
ified at 20V, as well as at 5V, 10V, and 
15V. As a result: 

(a) In current-limited applications, 
CMOS users can depend on one 
tight leakage limit independent of 
package style selected. 

(b) Customer use of CMOS product up 
through 18 volts is protected by a 
published tight leakage current spec- 
ification at 20 volts (as well as by an 
input leakage specification at 18 
volts). 

5. Symmetrical output 

Most RCA B-series devices have bal- 
anced complementary output drive 
(i.e., the output high current Ioh rating 
is the same as the output low current 
loL rating) specified to the tighter set 


of limits established In the JEDEC 
standard. The balanced output pro- 
vides uniform rise and fall time perfor- 
mance, improved system noise ener- 
gy (dynamic) Immunity, optimum de- 
vice speed for both output switching 
low-to-high (tpLH) and output switch- 
ing high-to-low (tpHL), and in general 
the identical high and low dc and ac 
characteristics normally associated 
with a good complementary output 
drive circuit. MOS system design, 
simulation, and performance are sig- 
nificantly enhanced by equal high 
and low dc and ac performance rat- 
ings and one tight specification limit 
for all package styles. 

6. Improved input current (leakage) 
ratings 

All RCA B-series devices (regardless 
of package) have a maximum input 
leakage current (Iin) rating of 100 nA 
specified at voltages up to 1 8 V, and a 


maximum limit of 1 //A at the upper 
limit of the package-temperature 
range. Actually, the 100 nA rating Is a 
practical specification limited by the 
Inability of commercial test equip- 
ment to measure lower currents. Lab- 
oratory tests show that input leakage 
currents of RCA B-series CMOS de- 
vices are significantly lower than this 
limit, typically ranging from 10 to 100 
pA. 

7. Buffered and unbuffered gates 

The new industry standard establish- 
es a suffix “UB” for CMOS products 
that meet all B-series specifications 
except that the logical outputs of the 
devices are not buffered and the Vil 
and ViH specifications are relaxed. 
The suffix “B” defines only buffered- 
output devices in which the output 
“on” impedance is independent of 
any and all valid input logic condi- 
tions, both preceding and present. 
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Table VI — RCA B>series CMOS Standardized Electrical Characteristics 


CHARACTER- 

ISTIC 

cor 

EDITION 

S 

LIMITS AT INDICATED TEMPERATURES (°C) 

Values at -55, +25, +1 25 Apply to D, F, K, H Packages 

Values at -40, +25, +85 Apply to E Package 

UNITS 

Vo 

(V) 

V|N 

(V) 

Q> 

> 


+25 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 

Quiescent Device 
Current, 

IDD Max. 

Gates, 

Inverters^ 

— 

0,5 

5 

0.25 

0.25 

7.5 

7.5 

- 

0.01 

0.25 

HA 

- 

0,10 

10 

0.5 

0.5 

15 

15 

- 

0.01 

0.5 

- 

0,15 

15 

1 

1 

30 

30 

- 

0.01 

1 

- 

0,20 

20 

5 

5 

150 

150 

- 

0.02 

5 

Buffers, Flip-Flops, 
Latches, Multi- 
Level Gates 
(MSI-1 Types)^ 


0,5 

5 

1 

1 

30 

30 

- 

0.02 

1 

0,10 

10 

2 

2 

60 

60 

- 

0.02 

2 

0,15 

15 

4 

4 

120 

120 

- 

0.02 

4 

0,20 

20 

20 

20 

600 

600 

- 

0.04 

20 

Complex Logic 
(MSI -2 Types)-^ 


0,5 

5 

5 

5 

150 

150 

- 

0.04 

5 

0,10 

10 

10 

10 

300 

300 

- 

0.04 

10 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

Output Low 
(Sink) Current 
Iql Min. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 

Output High 
(Source) 

Current, 
lOH Min. 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Voltage: 
Low-Level, 

Vql Max. 

- 

0,5 

5 

0.05 

- 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output Voltage: 
High-Level 

VqH Min. 

- 

0,5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

_ 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 

Voltage, 

V| L Max. 

B Types 

0.5, 4.5 

- 

5 

1.5 

- 

- 

1.5 

V 

1,9 

— 

10 

3 

- 

- 

3 

1.5, 13.5 

- 

15 

4 

- 

- 

4 

UB Types 

0.5, 4.5 

- 

5 

1 

- 

. - 

1 

1,9 

- 

10 

2 

- 

- 

2 

1.5, 13.5 

- 

15 

2.5 


- 

2.5 

Input High 

Voltage, 

ViH Min. 

B Types 

0.5, 4.5 

- 

5 

3.5 

3.5 

- 

- 

1,9 

— 

10 

7 

7 

— 

— 

1.5, 13.5 

- 

15 

11 

11 

- 

- 

UB Types 

0.5, 4.5 

- 

5 

4 

4 

- 

- 

1,9 

— 

10 

8 

8 

— 

— 

1.5, 13.5 

- 

15 

12.5 

12.5 

- 

- 

Input Current 
l||\| Max. 

“■ 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

— 

±10-5 

±0.1 

i^A 

3-State Output 
Leakage Current 
iQUTMax. 

0, 18 

0,18 

18 

±0.4 

±0.4 

±12 

±12 

- 

±10-4 

±0.4 

/iA 


^Classifications of RCA CMOS B-Series Types are shown in Table VII. 
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RCA will supply both buffered (“B”) 
and unbuffered (“UB”) versions of the 
popular NOR and NAND gates to 
make available to designers the ad- 
vantages of both. The chart below 
briefly compares the features of the 
two versions (a more detailed cover- 
age of the special features of B- and 
UB-series CMOS gates is provided by 
ICAN-6558 in the Application-Notes 
section): 

8. Reliability 

RCA B-series CMOS integrated 
circuits incorporate the latest im- 


provements in processing technolo- 
gy and plastic and ceramic packaging 
techniques. Product quality Is real- 
time controlled using accelerated- 
temperature group quality screening 
In which measured dc parameters are 
criticized against tight B-series limits. 
Figs. 7 through 10 show the standardized 
n- and p-channel drain characteristics 
for B-series CMOS devices, and Figs. 11 
through 14 shows the normalized varia- 
tion of output source and sink currents 
with respect to temperature and voltage 
in these devices. 


B-Series Dynamic Electrical 
Characteristics 

B-series dynamic electrical characteris- 
tics are specified for individual types un- 
der the following conditions; Vdd = 5V; 
10V, and 15V; Ta = 25® C; Cl = 50pF; Rl 
= 200 kQ; tr and tf = 20 ns. Table VIII lists 
dynamic characteristics specified for 
RCA B-series CMOS integrated circuits. 
Fig. 13 shows the variation of B-series 
dynamic parameters with temperature. 
Fig. 14 shows the variation of output 
transition time with supply voltage. Fig. 
15 shows the variation of the standard- 
ized output transition time with load 
capacitance. 

Maximum propagation delay or transi- 
tion times for values of Cl other than the 
specified 50 picofarads can be deter- 
mined by use of the multiplication factor 
(usually 2) between the typical and max- 
imum values given In the dynamic char- 
acteristics chart Included In the techni- 
cal data for each device applied to the 
typical curves, and also shown in the 
device technical data. 



Buffered 

Unbuffered 


Version 

Version 

Characteristic 

(“B”) 

(“UB”) 

Propagation Delay (Speed) Moderate 

Fast 

Noise Immunity/Margin 

Excellent 

Good 

Output Impedance and 
Output Transition Time 

Constant 

Variable 

AC Gain 

High 

Medium 

Output Oscillation for 

Slow Inputs 

Yes 

No 

Input Capacitance 

Low 

High 
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General Operating and Application Considerations 


Table VIII - Dynamic Electrical Characteristics - Definitions 


Characteristic 

Symbol 

Limits 

Notes 

Max. 

Min. 

Propagation Delay: 





Outputs going high to low 

tpHL 

X 



Outputs going low to high 

tpLH 

X 



Output Transition Time: 





Outputs going high to low 

tlHL 

X 



Outputs going low to high 

tlLH 

X 



Pulse Width-Set, Reset, Preset 





Enable, Disable, Strobe, Clock 

twL or twH 


X 

1 

Clock Input Frequency 

fcL 

X 


1,2 

Clock Input Rise and Fall Time 

tiCL, tfCL 

X 



Set-Up Time 

tsu 


X 

1 

Hold Time 

tH 


X 

1 

Removal Time - Set, Reset, Preset-Enable 

tREM 


X 

1 

Three State Disable Delay Times: 





High level to high impedance 

tpHZ 

X 



High impedance to low level 

tpZL 

X 



Low level to high impedance 1 

tpLZ 

X 



High Impedance to high level | 

tpZH 

X 




NOTE: (1 ) By placing a defining min. or max. in front of definition, the limits can change from min. 
to max., or vice versa. 

(2) Clock input waveform should have a 50% duty cycle and be such as to cause the outputs 
to be switching from 10% Vdd to 90% Vdd in accordance with the device truth table. 



other 

INPUTS 


OUTPUT 

DISABLE 



OUTPUT RfUQ 


V(x) tor tpi_z and fp/i_ 
VSS ’PHZ ’PZH 


CS-29514RI 



Fig. 19 — Setup times, hold times, removal 
time, and propagation delay times 
Fig. 18— Three-state propagation delay wave for positive-edge triggered sequen- 

shapes and test circuit. tial logic circuits. 


CMOS Special Products 

RCA supplies a variety of special CMOS 
products that have operating supply- 
voltage ranges and other characteristics 
that differ from the standardized data 
specified for A- and B-series CMOS inte- 
grated circuits. 

These special applications types include 
flash A/D converters for use in low- 
power consumption, high-speed digit- 
ization applications: crosspoint switches 
for use in telephone and PBX systems, in 
studio audio switching applications, and 
as multisystem bus interconnects; tone 
generators for use in dual-tone telephone 
dialing systems; interface circuits for 
level-shifting applications to Interface 
CMOS logic levels with different logic 
types; and display drivers non-multi- 
plexed, 4-digit, 7-segment LCD types 
containing all thecircuitry necessary for 
driving conventional LCD displays 
without the need for external com- 
ponents. 
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CMOS High-Voltage 
B-Series Integrated Circuits 

Technical Data 



CD4000B, CD4001B, CD4002B, CD4025B Types 


CMOS NOR Gates 

High-Voltage Types {20-Volt Rating) 
Dual 3 Input 
plus Inverter — CD4000B 
Quad 2 Input — CD4001 B 
Dual 4 Input — CD4002B 
Triple 3 Input — CD4025B 


RCA-CD4000B, CD4001B, CD4002B. and 
CD4025B NOR gates provide the system 
designer with direct implementation of the 
NOR function and supplement the existing 
family of CMOS gates. All inputs and outputs 
are buffered. 

The CD4000B, CD4001B, CD4002B, and 
CD4025B types are supplied in 14-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


Features: 

■ Propagation delay time = 60 ns (typ.) at 
CL = 50pF, Vdd = 'I0V 

■ Buffered inputs and outputs 

■ Standardized symmetrical output characteristics 

■ 100% tested for maximum quiescent current at 20 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Maximum input current of 1 /iA at 18 V 
over full package-temperature range; 

100 nAatlS Vand 250C 

■ Noise margin (over full package temperature 
range): 

1 V at Vdd = 5 V 

2 Vat Vdd = 10 V 
2.5 Vat Vdd = 15 V 

■ Meets all requirements of JEDEC Tentative 
Standard No.13A, "Standard Specifications 
for Description of "B" Series CMOS Devices" 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (^C) 
Values at -55, +25, +1 25 Apply to D,F,K,H Packages 
Values at —40, +25, +85 Apply to E Package j 

UNITS 

Vo 

(V) 

V|N 

(V) 

< 
< O 
''O 



+25 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 

Quiescent Device 
Current, 

Idd 

- 

0,5 

5 

0.25 

0.25 

7.5 

7.5 

- 

0.01 

0.25 

mA 

- 

0,10 

10 

0.5 

0.5 

15 

15 

- 

0.01 

0.5 

- 

0,15 

15 

1 

1 

30 

30 

- 

0.01 

1 

- 

0,20 

20 

5 

5 

150 

150 

- 

0.02 

5 

Output Low 
(Sink) Current 

Iql 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

34 

6.8 

- 

Output High 
(Source) 

Current, 

Iqh Min. 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

-- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

13.5 

0,15 

15 


-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Voltage; 
Low-Level, 

Vql Max. 

- 

0,5 

5 

0.05 

- 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 

0 

0.05 


0,15 

15 

0.05 

- 

0 

0.05 

Output Voltage: 
High-Level, 

Vqh Min. 


0,5 

5 

4.95 

4.95 

5 

-- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 


Input Low 
Voltage, 

V|L Max. 

0.5.4/5 

- 

5 

1.5 

— 

- 

1.5 

V 

1.9 

- 

10 

3 

- 

- 

3 

1.5-13.5 

- 

15 

4 

- 

- 

4 

Input High 
Voltage, 

V|H Min. 

0.5 

- 

5 

3.5 

3.5 

- 

- 

1 

- 

10 

7 

7 

— 

— 

1.5 

- 

15 

1 1 

11 

i 

- 

Input Current 
l|N Max. 


0,18 

18 

10.1 

±0.1 

±1 

±1 

_ 

±10-5 

±0.1 

pA 



CD4000B 

FUNCTIONAL DIAGRAM 



FUNCTIONAL DIAGRAM 
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CD4000B, CD4001B, CD4002B, CD4025B Types 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage Range (For 1 = Full Package 

Temperature Range) 

3 

18 

V 


MAXIMUM Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE. (V^q) 

(Voltages referenced to Vss Terminal ) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq): 

For Ta = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For Ta +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For Ta = -55 to +100°C (PACKAGE TYPES D.F.K) 500 mW 

For Ta = +100 to +125°C (PACKAGE TYPES D, F, K) ■ • Derate Linearly at 1 2 mW/^C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta - FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D. F, K. H -55to+125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (Tstg) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING); 

At distance 1 /I 6 ± 1 /32 inch (1 .59 ± 0.79 mm) from case fot 10 s max +265°C 


DYNAMIC ELECTRICAL CHARACTERISTICS 

At T^= 25° C; Input t^., tf= 20 ns, C i_ = 50 pF, 200k Q, 


CHARACTERISTIC 

TEST CONDITIONS 

ALL TYPES 
LIMITS 

UNITS 


^DD 

VOLTS 

TYP. 

MAX. 

Propagation Delay Time, 


5 

125 

250 


tPHL, tPLH 


10 

60 

120 

ns 



15 

45 

90 




5 

100 

200 


Transition Time, 


10 

50 

100 

ns 

tTHL. tTLH 


15 

40 

80 


Input Capacitance, C|(\| 

Any Input 

5 

7.5 

pF 




Fig. 1 — Typical voltage transfer characteristics. 





Fig.2 — Typical power dissipation vs. frequency. 



Fig.3 — Typical output low (sink) current 
characteristics. 



Fig. 5 — Minimum output tow (sink) 
current characteristics. 
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CD4000B, CD4001B, CD4002B, CD4025B Types 



DRAIN-TO-SOURCE VOLTAGE (Vos)—V 



AMBIENT TEMPERATURE (Ta)*25 
1 1 I I I [ I I GATE-TO-SOURCE VOLTAGE (Vqs) 


|g||i||g|:i[i[|||| 


1 OP 4 GATES 

(NUMBERS IN PARENTHESES 
ARE TERMINAL NUMBERS 
FOR OTHER GATES) 


Fig.6 — Schematic and logic diagrams for CD4001B. 

VOD 



P 

11 


r 

>♦(12) 



& 






E y 

■ 


>♦ (9) 

n 

1 




^ALL INPUTS ARE PROTECTED BY 
COS/MOS PROTECTION NETWORK 


I OF 2 GATES (NUMBERS IN 
PARENTHESES ARE TERMINAL 
NUMBERS FOR SECOND GATE) 


Fig, 7 — Schematic and logic diagrams for CD4002B. 




I OF 3 GATES (NUMBERS IN I 

PARENTHESES ARE TERMINAL 07 

NUMBERS FOR OTHER GATES) ^SS 


* ALL INPUTS ARE PROTECTED 
BY COS/MOS PROTECTION 
NETWORK 


Fig.9 — Typical output high (source) 
current characteristics. 


DRAIN-TO-SOURCE VOLTAGE (Vds)— V 

H5 -10 -5 

AMBIENT TEMPERATURE (Ta)- 25*C -|||j-|j-|-|||^ 

■j {■l-l- l -l-l.lj GATy -TO -SOURCE VOLTAGE (Vq])* - 5^ ■ 


Fig. 10 — Minimum output high (source) 
current characteristics. 


[AMBIENT TEMPERATURE (Ta)«25*C 



LOAD CAPACITANCE (Cl)— pF 


Fig. 11 — Typical ttansition time vs. load 
capacitance. 


° AMBIENT TEMPERATURE (T^l = 25*C = 




Fig. 8 — Schematic and logic diagrams for CD4025B. 


Fig. 12 — Typical propagation delay time 
I's. load capacitance. 
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CD4000UB, CD4001UB, CD4002UB, CD4025UB Types 


CMOS NOR Gates 

High-Voltage Types (20-Volt Rating) 
Dual 3 Input 

plus lnverter-CD4000UB 
Quad 2 lnput-CD4001UB 
Dual4lnput-CD4002UB 
Triple 3 Input— CD4025UB 


RCA-CD4000UB, CD4001UB, CD4002UB, 
and CD4025UB NOR gates provide the 
system designer with direct implementation 
of the NOR function and supplement the 
existing family of CMOS gates. 

The CD4000UB, CD4001UB, CD4002UB, 
and CD4025UB types are supplied in 14-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


Features: 

■ Propagation delay time = 30 ns (typ.) at 
Cl = 50pF, Vdd=10V 

■ Standardized symmetrical output characteristics 
B 100% tested for maximum quiescent current 

at 20 V 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of 'B' Series CMOS Devices" 

u Maximum input current of 1 juA at 18 V 
over full package-temperature range; 

100 n A at 18 V and 25''C 

■ 5-V, 10-V, and 15-V parametric ratings 


STATIC ELECTRICAL CHARACTERISTICS 




LIMITS AT INDICATED TEMPERATURES (^C) 
Values at —55, -l■25, +125 Apply to D, F, K, H Packages 
Values at —40, +25, +85 Apply to E Package 

UNITS 







Ba 




Typ. 

Max. 

Quiescent Device 
Current, 

IDD Max. 

- 

1^1 

El 



mgi 

B 

- 

0.01 

0.25 

/iA 

- 

EBa 

m 

KBi 

EH 

wm 

B 

- 

0.01 

0.5 

- 

Eia 

■a 

HI 

HH 



- 

0.01 

1 

- 

EBl 


5 

5 


ggg 

- 

0.02 

5 

Output Low 
(Sink) Current 

Iql 

0.4 

EM 



EH 

■SJgl 



1 

- 

mA 

0.5 

EBEI 

■a 

■a 

HH 

1.1 

lEH 

■a 

2.6 

- 

1.5 

nni 

■a 

■a 

4 

2.8 

mm 

EM 

6.8 

- 

Output High 
(Source) 
Current, 

• OH Min. 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

sm 

-1 

- 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

BBl 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

BB 

-2.6 

- 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

bm 

-6.8 

- 

Output Voltage: 
Low-Level, 

Vql Max. 

- 

0,5 

5 

0.05 

- 

0 



- 

0,10 

10 

0.05 

- 

0 


- 

0,15 

15 

0.05 

- 

0 


Output Voltage: 
High-Level, 

Vqh Min. 

- 

0,5 

5 

4.95 


5 

- 

- 

0,10 

10 

9.95 

II^ESI 

10 

- 

_ 

0,15 

15 

14.95 


15 

- 



- 

5 

1 

— 

- 

1 

1 

1,9 

- 

■El 

2 

- 

— 

2 

1.5,13.5 

- 

■a 

2.5 

- 

- 

BGl 

Input High 
Voltage, 

V|H Min. 

0.5 

- 

5 

4 

4 

- 

- 

1 

- 

■El 

8 

8 

— 

— 



la 

12.5 

EES 

- 

- 

Input Current 
l|N Max. 

- 

0,18 

18 

±0.1 




■ 

m 





CD4000UB 

FUNCTIONAL DIAGRAM 



FUNCTIONAL DIAGRAM 
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CD4000UB, CD4001UB, CD4002UB, CD4025UB Types 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be 
selected so that operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage Range (For 

Ta = Full Package Temp- 
erature Range) 

3 

18 

V 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vqq) 

(Voltages referenced to Vss Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqq +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq): 

For Ta = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For Ta = -55 to +100°C (PACKAGE TYPES D,F,K) 500 mW 

For Ta = +100 to +125°C (PACKAGE TYPES D, F, K). . . Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = full PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K. H -55 to +1 

PACKAGE TYPE E -40 to +85^0 

STORAGE TEMPERATURE RANGE (Tgtg) -65 to +l50OC 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from case for 10 s max +265°C 


DYNAMIC ELECTRICAL CHARACTERISTICS at T^ = 25® C, Input t^^tf = 20 ns, 
and Cl = 50 pF, Rl = 200 KQ 


CHARACTERISTIC 

TEST CONDITIONS 

ALL TYPES 
LIMITS 

UNITS 


^DD 

Volts 

TYP. 

MAX. 

Propagation Delay Time, 


5 

60 

120 


^PHL'^PLH 


10 

30 

60 

ns 



15 

25 

50 




5 

100 

200 


Transition Time, 


10 

50 

100 

ns 

^THL' ^TLH 


15 

40 

80 


Input Capacitance, C||\| 

Any Input 


10 1 

15 

PF 



Fig. 1 — Minimum and maximum voltage 
transfer characteristics. 



Fig. 2 — Typical voltage transfer characteristics 
as a function of temperature. 



INPUT volts IVj) 

»2CS-l7T7e 


Fig. 3 — Typical current & voltage transfer 
characteristics. 




Fig. 5 — Typical output low (sink) current 
characteristics. 
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CD4000UB, CD4001UB, CD4002UB, CD4025UB Types 



^ALL INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 



Fig. 6 — Schematic diagram for type CD4001UB. 
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Fig. 9 — Minimum output low (sink) 
current characteristics. 
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Fig. 10 — Typical output high (source) 
current characteristics. 
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Fig. 11 — Minimum output high (source) 
current characteristics. 
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Fig. 8 — Schematic diagram for type CD4025UB. 


Fig. 12 — Typical transition time vs. load 
capacitance. 
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CD4000UB, CD4001UB, CD4002UB, CD4025UB Types 



Fig. 13 — Typical propagation delay time 
vs. load capacitance. 



Fig. 14 - Typical power dissipation 1 / 5 , frequency. 



Fig. 15 — Quiescent-device-current test circuit. 





j NOTE. 

Vcc TEST ANY COMBINATIOfJ 

OF INPUTS 

92CS-2744IRI 

Fig. 16 — Input-voltage test circuit. 



NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH Vqo ANOVss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 

Vdd ''ss 


Fig. 17 — Input leakage current test circuit. 


TERMINAL ASSIGNMENTS 




NC = NO CONNECTION 

CD4001UB 




NC--NO CONNECTION 


I 

:=0 + E + F — 16 

Vss - 


• Vdo 

• G 

12 I H 


10 I — L = G + H<-I 
• J=A+B+C 


NC NO CONNECTION 


CHIP PHOTOGRAPHS 
Dimensions and Pad Layouts 
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Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils f10~^ inch). 
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92CS-27746 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensionsshown. The user should considera tolerance 
of -3 mils to -t-16 mils applicable to the nominal 
dimensions shown. 
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CD4006B Types 


CMOS 18 -Stage 
Static Shift Register 

High-Voltage Types (20-Volt Rating) 

The RCA-CD4006B types are composed of 
4 separate shift register sections: two sec- 
tions of four stages and two sections of five 
stages with an output tap at the fourth 
stage. Each section has an independent 
single-rail data path. 

A common clock signal is used for all stages. 
Data are shifted to the next stage on nega- 
tive-going transitions of the clock. Through 
appropriate connections of inputs and out- 
puts, multiple register sections of 4, 5, 8, 
and 9 stages or single register sections of 10, 
12, 13, 14, 16, 17 and 18 stages can be 
implemented using one CD4006B package. 
Longer shift register sections can be assem- 
bled by using more than one CD4006B. 

To facilitate cascading stages when clock 
rise and fall times are slow, an optional out- 
put (Di+4') that is delayed one-half clock- 
cycle, is provided (see Truth Table for Out- 
put from Term. 2). 

The CD4006B types are supplied in 14-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


Features: 

■ Fully static operation 

■ Shifting rates up to 12 MHz @ 10 V (typ.) 

■ Permanent register storage with clock line high or low — 
no information recirculation required 

■ 100% tested for quiescent current at 20 V 

■ Standardized, symmetrical output characteristics 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Maximum input current of 1 jUA at 18 V 
over full package-temperature range; 100 
nA at 18 V and 25°C 

H Noise margin (full package-temperature 
range) = 1 V at Vqq = 5 V 

2 Vat Vdd= 10 V 
2.5 Vat Vdd= 15 V 



■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, ''Standard Specifications 
for Description of 'B' Series CMOS Devices" 


TRUTH TABLE FOR SHI FT REGISTER STAGE 


Applications: 

■ Serial shift registers ■ F requency division 

■ Time delay circuits 



D 

CL^ 

D+ 1 

0 


0 

1 


1 

X 

J~ 

NC 


TRUTH TABLE FOR OUTPUT FROM TERM.2 


D-i+4 

CL^ 

Di+4' 

0 

V 

0 

1 

V 

1 

X 


NC 


1 =HIGH X 

0 = LOW ^ 

NC = NO CHANGE 


= DON'T CARE 
= LEVEL CHANGE 


92CS-I7887RI 


Fig. 1 — Logic diagram and truth table (one register stage). 


TERMINAL ASSIGNMENT 


0| 

D|+4' 

CLOCK 
02 
D3 
04 

vss 

TOP VIEW 

92CS-28973 


VoO 

— 0|+4 

— 02 + 5 

— 02+4 

— O3+4 

— O4+-5 

— 044-4 



PROTECTED BY COS/MOS PROTECTION 
NETWORK 


RECOMMENDED OPERATING CONDITIONS at T^ = 25° C, Except as Noted. For maximum 
reliability, nominal operating conditions should be selected so that operation is always within the 
following ranges: 


CHARACTERISTIC 

^DD 

(V) 

LIMITS 

UNITS 


Min. 

Max. 


Supply-Voltage Range (For T^= Full Package 





Temperature Range) 

- 

3 

18 

V 


5 

180 

- 


Clock Pulse Width, tyy 

10 

80 

- 

ns 


15 

50 

- 



5 

100 

_ 


Data Setup Time, t 3 

10 

50 

- 

ns 


15 

40 

- 



5 

60 

- 


Data Hold Time, t|_| 

10 

40 

- 

ns 


15 

30 

- 


Clock Rise or Fall Time: t^, tf 

1 

5,10, 

15 

- 

15 

MS 


5 

- 

2.5 


Clock Input Frequency, f^L 

10 

- 

5 

MHz 


15 

- 

7 



66 












CD4006B Types 


MAXIMUM Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vp^) 

(Voltages referenced to Vgg Terminal) — 0.5 to - h20 V 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to V^p +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pp): 

For T;^ = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T^ = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T^ = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

For T^ = +100 to +125°C (PACKAGE TYPES D. F, K) . . Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T^); 

PACKAGE TYPES D, F. K, H -55 to +125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (Tj^g) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 



Fig. 2 - Typical output low (sink) current 
characteristics. 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (“O 
Values at -55, +25, +1 25 Apply to D, F, K, H Packages 
Values at —40, +25, +85 Apply to E Package 

UNITS 

Vo 

(V) 

V|N 

(V) 

Vdd 

(V) 


+25 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 

Quiescent Device 
Current, 

IDD Max. 

- 

0,5 

5 

5 

5 

150 

150 

- 

0.04 

5 

mA 

- 

0,10 

10 

10 

10 

300 

300 

- 

0.04 

10 

- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 

- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

Output Low 
(Sink) Current 
Iql Min. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

34 

6.8 

- 

Output High 
(Source) 

Current, 

IQH Min. 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Voltage: 
Low-Level, 

Vql Max. 

- 

0,5 

5 

0.05 

- 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output Voltage: 
High-Level, 

Vqh Min. 

- 

0,5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage, 

V|L Max. 

0.5, 4.5 

- 

5 

1.5 

— 

- 

1.5 

V 

1, 9 

- 

10 

3 

- 

- 

3 

1.5,13.5 

- 

15 

4 


- 

4 

Input High 
Voltage, 

V|H Min. 

0.5, 4.5 

- 

5 

3.5 

3.5 

- 

— 

1,9 

- 

10 

7 

7 

— 

— 

1.5,13.5 

- 

15 

11 

11 

- 

- 

Input Current 
l|IV] Max. 

- 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10-5 

±0.1 

mA 
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Fig. 3 - Minimum output low (sink) current 
characteristics. 
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Fig. 4 — Typical output high (source) current 
characteristics. 
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Fig. 5 — Minimum output high (source) current 
characteristics. 
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CD4006B Types 

DYNAMIC ELECTRICAL CHARACTERISTICS af =25PC; Input tf = 20ns, 
Ci_ = 50 pF, Ri_ = 200 Ka 


TEST CONDITIONS 


Vdd <v) 


TYPICAL 

VALUES 


CHARACTERISTIC 

Propagation Delay Time, 

^PHL' tPLH 

Transition Time, 

^THU tTLH 

Minimum Data Setup Time, 

ts 

Minimum Clock Pulse Width, 


Maximum Clock Input Frequency, 
^CL 

Maximum Clock Input Rise or Fall 
Time t^CL, tfCL* 


Input Capacitance, C|(\j 


Any Input 


* If more than one unit is cascaded t^-CL should be made less than or equal to the sum of the transition 
time and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 



CLTO 14 MORE STAGES 





0|t4 _J latch Uq 


DETAILED LOGIC OF LATCH 




92CIV1-29830R 1 


[AMBIENT TEMPERATURE (Ta)«25*C 





LOAD CAPACITANCE (Cl)— pF 92CS-2432 

Fig. 7 — Typical transition time as a function of 
load capacitance. 


AMBIENT TEMPERATURE (Ta) = 25*C 


fcililii:! 




20 4 0 60 

LOAD CAPACITANCE (Cl)-pF 


Fig. 8 - Typical propagation delay time as a 
function of load capacitance. 


Q AMBIENT TEMPERATURE (Ta )» 25»C | F 




^ Cl*50pF 

m CL=l5pF 


' 2 4 eel 2 4 6 el 2 4 6 8' 2 4 68' 2 4 

1 10 I02 I03 10^ 

CLOCK INPUT FREQUENCY (fcL)-l(Hz 

92CS- 291 

Fig. 9 — Typical dyanamic power dissipation 
as a function of dock frequency. 


Fig. 6 — Logic diagram with detail of latch. 
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CD4006B Types 



Fig. 10 — Dynamic power dissipation test Fig. 11 — Quiescent device Fig. 12 — Input voltage test circuit, 

circuit. current test circuit 



Fig. 13 — Input current test circuit. 



0 10 20 30 40 50 60 70 80 90 100 110 



Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~^ inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +76 mils applicable to the nominal 
dimensions shown. 


Dimensions and pad layout for CD4006BH. 
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CD4007UB Types 


CMOS 

Dual Complementary 
Pair Plus Inverter 

High-Voltage Types (20-Volt Rating) 

The RCA-CD4007UB types are comprised of 
three n-channel and three p-channel enhance- 
ment-type MOS transistors. The transistor 
elements are accessible through the package 
terminals to provide a convenient means for 
constructing the various typical circuits as 
shown in Fig. 2. 

More complex functions are possible using 
multiple packages. Numbers shown in paren- 
theses indicate terminals that are connected 
together to form the various configurations 
listed. 

The CD4007UB types are supplied in 1 4-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


Features: 

■ Standardized symmetrical output characteristics 

■ Medium Speed Operation —tpj^L, tpL^ = 30 ns (typ.) 
at 10 V 

■ 1 00% tested for quiescent current at 20 V 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

■ Maximum input current of 1 ju A at 18 V 
over full package-temperature range; 

100 n A at 18 V and 25°C 



92CS- 25035 

Vdd=14 

Terminal No. 14— Vpp 
Terminal No. 7 — Vgg 

FUNCTIONAL DIAGRAM 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage Range 
(For Ty:^ = Full Package 

Temperature Range) 

3 

18 

V 


Applications: 

■ Extremely high-input impedance amplifiers 

■ Shapers 

■ Inverters 

■ Threshold detector 

■ Linear amplifiers 

■ Crystal oscillators 


TERMINAL DIAGRAM 
Top View 


02 (P) SOURCE 
02 (P) DRAIN 
02 GATES 
Q2(N) SOURCE 
02 (N) DRAIN 
01 GATES 
Vss,Qiao2ao3(N) 

SUBSTRATES QI(N) 

SOURCE 

92CS-24449 



VDD,0ia02a03(P) 
SUBSTRATES.0I(P)DRAIN 
OKP) SOURCE 

— 03 (N) DRAIN, 03(P) SOURCE 

— 03 (P) DRAIN 

— 03 GATES 

— p3(N) SOURCE 

— ioKN) DRAIN 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (^C) 
Values at -55, ■»-25, +125 Apply toD, F, K, H Packages 
Values at -40, +25, +85 Apply to E Package 

UNITS 

Vo 

(V) 

V|N 

(V) 

VdD 

(V) 



+25 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 

Quiescent Device 
Current, 

IDD Max. 

- 

0,5 

5 

0.25 

0.25 

7.5 

7.5 

- 

0.01 

0.25 

/iA 

- 

0,10 

10 

0.5 

0.5 

15 

15 

- 

0.01 

0.5 

- 

0,15 

15 

1 

1 

30 

30 

- 

0.01 

1 

- 

0,20 

20 

5 

5 

150 

150 

- 

0.02 

5 

Output Low 
(Sink) Current 
Iql Min. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

34 

6.8 

- 

Output High 
(Source) 

Current, 

Iqh Min. 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Voltage; 
Low-Level, 

Vql Max. 

- 

0,5 

5 

0.05 

- 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output Voltage: 
High-Level, 

Vqh Min. 

- 

0.5 

5 

4.95 

4.95 

5 

- 

” i 

0,10 

10 

9.95 

9.95 

10 

- 


0,15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage, 

V|L Max. 

4.5 

- 

5 

. 1 

— 

- 

1 

V 

9 

- • 

10 

2 

__ 

- 

2 

13.5 

- 

15 

2.5 

- 

- 

2.5 

Input High 
Voltage, 

V|H Min. 

0.5 

- 

5 

4 

4 

- 

- 

1 

- 

10 

8 

8 

- 

— 

1.5 

- 

15 

12.5 

12.5 

- 

- 

Input Current 
l||sj Max. 


0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10-5 

±0.1 

/iA 
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CD4007UB Types 


MAXIMUM Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE. (V^^p) 

(Voltages referenced to Vss Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER'PACKAGE {Pq): 

For Ta = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 1 2 mW/°C to 200 mW 

For Ta = -55 to +100°C PACKAGE TYPES D, F. K) 500 mW 

For Ta = +100 to +125°C (PACKAGE TYPES D,F,K) . . . Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOFI 

FOR Ta = full PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K. H -55to+125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (Tjtg) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING); 

At distance 1 /1 6 ± 1 /32 inch ( 1 .59 ± 0.79 mm) from case for 1 0 s max +265°C 


a) Triple Inverters 


(14,2,11); (8,13); 
(1.5); (7,4,9) 



b) 3 -Input NOR Gate 




(13,2); (1,11); 
(12,5,8); (7,4,9) 


92CS-I5349 


DYNAMIC ELECTRICAL CHARACTERISTICS at T^ = 25^0; Input t^, tf = 20 ns, 
Cl = 50pF, Rl = 200 KQ 


CHARACTERISTIC 

CONDITIONS 

ALL TYPES 
LIMITS 

UNITS 


VdD 

Volts 

Typ. 

Max. 

Propagation Delay Time: 

tPHL, 

tPLH 


5 

55 

110 

ns 

10 

30 

60 

15 

25 

50 

Transition Time 

tTLH 


5 

100 

200 

ns 

10 

50 

100 

15 

40 

80 

Input Capacitance C||\i 

Any Input 

10 

15 

pF 



Fig. 1 - Detailed schematic diagram of CD4007UB showing input, output, and parasitic diodes. 


c) 3-Input NAND Gate 






(1,12,13); (2,14,11); 9205-15340 

(4,8); (5,9) 


d) Tree (Relay) Logic 


Vdo 



Fig. 2 — Sample COS/MOS logic circuit arrangements 
using type CD4007UB. 
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CD4007UB Types 


e) High Sink-Current Driver 

''dd 



(6,3,10); (8.5, 12); 
(11,14); 7,4,9) 



f) High Source-Current Driver 



(6,3,10); (13,1,12); 
(14,2,11); (7,9) 



g) High Sink - and Source-Current Driver 

Vqd 



h) Dual Bi-Directional Transmission Gating 

(2)0UT| 

^ {IN|) 


(D- 


4> 


TG| 







TG2 




^(INg) 


(1,5,12); (2,9); 

(11,4); (8,13,10); 

(6,3) 

Fig. 2 — Sample COS/MOS logic circuit arrangements using type CD4007UB (Cant'd). 



0 2.S 5 7,5 10 12.5 15 

INPUT VOLTAGE (Vx)-V 

92CS-I7786 


Fig. 3 — Typical voltage-transfer characteristics 
for NAND gate. 



Fig. 4 — Typical voltage-transfer characteristics 
for NOR gate. 



current charadteri$tics. 


AMBIENT TEMPERATURE (Ta)*2S*c| 



0 22 9 7.5 10 12.5 15 


INPUT VOLTAGE (Vr)-V 

92CS-2B636RI 

Fig. 6 — Minimum and maximum voltage-transfer 
characteristics for inverter. 
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Fig. 7 — Typical current and voltage-transfer 
characteristics for inverter. 



Fig. 8 — Minimum output low (sink) 
current characteristics. 
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CD4007UB Types 


DRAIN-TO-SOURCE VOLTAGE (Vqs)— V 

-15 -10 -5 0 



Fig. 9 — Typical output high (source) 
current characteristics. 


DRAIN-TO-SOURCE VOLTAGE (Vqs)— V 

-15 -10 -5 0 



Fig. 10 — Minimum output high (source) 
current characteristics. 



05 10 15 

INPUT VOLTAGE (Vt)-V 

92CS- 17780 


Fig. 11 — Typical voltage-transfer characteristics 
as a function of temperature. 



LOAD CAPACITANCE (Ctl-pF 92CS-24434RI 

Fig. 12 — Typical propagation delay time i/s. 
load capacitance. 
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Fig. 13 — Typical transition time vs. load 
capacitance. 



92CS- 28634 

Fig. 14 — Typical dissipation vs. frequency 
characteristics. 


Xi>- 

Vss 


NOTE: 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH Vqd ANO Vgs 
CONNECT ALL UNUSED 
INPUTS TO EITHER 


''OD 


OR' 


SS' 


Fig. 15 — Input current test circuit. 



Vdo 


1 


T 


Vss 


OUTPUTS 



NOTE. 

TEST ANY ONE INPUT 
WITH OTHER INPUTS AT 

vdd or Vss 


92CS - 27400RI 

Fig. 16 — Input voltage test circuit. 



Fig. 17 - Quiescent device current test circuit. 



DIMENSIONS AND PAD LAYOUT FOR CD4007UBH 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (W~^ inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 









CD4008B Types 


CMOS 4-Bit Full Adder 

With Parallel Carry Out 

High-Voltage Types {20-Volt Rating) 


The RCA-CD4008B types consist of four 
full adder stages with fast look ahead carry 
provision from stage to stage. Circuitry is 
included to provide a fast “parallel-carry-out" 
but to permit high-speed operation in arith- 
metic sections using several CD4008B's. 
CD4008B inputs include the four sets of bits 
to be added, Ai to A4 and B^ to B4, in 
addition to the "Carry In" bit from a pre- 
vious section. CD4008B outputs include the 
four sum bits, Si to S4. In addition to the 
high speed "parallel-carry-out" which may be 
utilized at a succeeding CD4008B section. 
The CD4008B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


STATIC ELECTRICAL CHARACTERISTICS 


Features: 

■ 4 sum outputs plus parallel look-ahead carry-output 

■ High-speed operation — sum in-to-sum out, 160 ns typ; 
carry in-to-carry out, 50 ns typ. at Vqq = 10 V, 

Cl = 50 pF 

■ Standardized, symmetrical output characteristics 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 A at 18 V 
over full package-temperature range; 100 
nA at 18 V and 25^C 

■ Noise margin (over full package tempera- 
ture range): IVatVoD^SV 

2 Vat Vdd = 10V 
2.5 Vat Vdd = 15 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets ail requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 

■ Binary addition/arithmetic units 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (®C) 
Values at -55, -)-25, +125 Apply to D, F, K, H Packages 
Values at -40, +25, +85 Apply to E Package 

UNITS 

Vo 

(V) 

V|N 

(V) 

Vdd 

(V) 


+25 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 

Quiescent Device 
Current, 

IDD Max. 

- 

0,5 

5 

5 

5 

150 

150 

- 

0.04 

5 

/iA 

- 

0,10 

10 

10 

10 

300 

300 

- 

0.04 

10 

- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 

- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

Output Low 
(Sink) Current 
Iql Min. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 


- 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

34 

6.8 

- 

Output High 
(Source) 

Current, 

IQH Min. 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Voltage: 
Low-Level, 

Vql Max. 

- 

0,5 

5 

0.05 

- 

0 

0.05 

V 


0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output Voltage: 
High-Level, 

Vqh Min. 

- 

0.5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage, 

V|L Max. 

0.5, 4.5 

- 

5 

1.5 

— 

- 

1.5 

V 

1, 9 

- 

10 

3 

- 

— 

3 

1.5,13.5 

- 

15 

4 

- 

- 

4 I 

Input High 
Voltage, 

V|H Min. 

0.5, 4.5 

- 

5 

3.5 

3.5 

- 

— 

1, 9 

- 

10 

7 

7 

— 

— 

1.5,13.5 

- 

15 

11 

11 

- 

- 

Input Current 
l||sj Max. 

- 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10-5 

±0.1 

/iA 


A4 

I* 

16 

~ '^DD 

83 — 

2 

15 

— 84 

A3 — 

3 

14 

— Co 

B2 — 

4 

13 

— S4 

A2 — 

5 

12 

— S3 

81 — 

6 

II 

— S2 

AI — 

7 

10 

— SI 

''ss — 

8 

9 

— Cl 


TOP 

VIEW 




92CS-24450 1 

CD4008B 



TERMINAL ASSIGNMENT 





iF 

'' V 


Vdd = 16 

Vss - 0 W 

’^ALL INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 

92CS-276A3 

Fig. 1 — CD4008B logic diagram. 


TRUTH TABLE 
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CD4008B Types 


RECOMMENDED OPERATING CONDITIONS at Ta =25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be 
selected so that operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage Range (For 

Ta = Full Package Temp- 
erature Range) 

3 

18 

V 


MAXIMUM Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vqq) 

(Voltages referenced to Vss Terminal) — 0.5 to -t-20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq): 

For Ta = -40 to -t-60°C (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For Ta = -55 to +100°C (PACKAGE TYPES D.F.k) 500 mW 

For Ta = +100 to +125°C (PACKAGE TYPES D. F, K) . . . Derate Linearly at 12 mW/OC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H -55 to +125°C 

PACKAGE TYPE E -40 to +850C 

STORAGE TEMPERATURE RANGE (Tg^g) -65 to +^50°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from case for 10 s max +265°C 



Fig.3 — Typical sum-in to sum-out propagation delay 
time vs. load capacitance. 
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Fig. 4 — Typical carry-in to carry-out propagation 
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92CS -33074 


Fig. 2 — Typical propagation delay for a 16-bit adder (10 V operation). 



92CS- 28306 

Fig.5 — Typical carry-in to sum-out propagation delay 
time vs. load capacitance. 
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time vs. load capacitance. 
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CD4008B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 

At T^= 25° C; Input tf, tf= 20 ns, = 50 pF, R ^ = 200kQ. 


CHARACTERISTIC 

Propagation Delay Time: 
tPHL. tPLH 
Sum In to Sum Out 

Carry In to Sum Out 

Sum In to Carry Out 


Carry In to Carry Out 

Transition Time: 
tTHL.tTLH 

Input Capacitance, C||\i 


DRAIN- TO-SOURCE VOLTAGE (Vds)- 


VdD 

LIMITS 

ALL TYPES 

UNITS 

(V) 

TYP. 

MAX. 


5 

400 

800 


10 

160 

320 

ns 

15 

115 

230 


5 

370 

740 


10 

155 

310 

ns 

15 

115 

230 


5 

200 

400 


10 

90 

180 

ns 

15 

65 

130 


5 

100 

200 


10 

50 

100 

ns 

15 

40 

80 


5 

100 

200 


10 

50 

100 

ns 

15 

40 

80 


- 

5 

7.5 

pF 


AMBIENT TEMPERATURE (Ta)* 2 
4jti-j-|-|4 GATE-TO-SO^^^ VOLTAGE (Vgs)— 5V 


Fig.7 — Typical output high (source) 
current characteristics. 


DRAIN-TO-SOURCE VOLTAGE (Vds)- 


AMBIENT TEMPERATURE (Ta) 





Fig. 8 — Minimum output high (source) 
current characteristics. 


AMBIENT TEMPERATURE (Ta)*25 
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iiiiB 
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/LUtt : ^rnii 


-- 





5 10 15 

DRAIN-TO-SOURCE VOLTAGE (Vds) — V 

Fig.9 — Typical output low (sink) 
current characteristics. 



DRAIN-TO-SOURCE VOLTAGE (Vos) — V 

9iCS -24 

Fig. 10 — Minimum output low (sink) 
current characteristics. 


I0«]AMBIENT TEMPERATURE (Ta)*25*CC: 


INPUT FREQUENCY (f^) — KHi 

9ZCS- ITeZSRI 

Fig. 11— Typical dissipation characteristics. 




NOTE. 

TEST ANY COMBINATION 
OF INPUTS 


MD* 

Vss 



MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH Vqd ANO Vss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 


— Quiescent-device-current test circuit. 


Fig. 13 — Input-voltage test circuit. 


Fig. 14 — Input current test circuit. 
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OUTPUT HIGH (SOURCE) CURRENT(Ioh)- 






CD4008B Types 


0 10 20 30 40 50 60 70 80 86 



83-91 

(2.108-2.311) 


92CS- 27745 



Dimensions in parentheses are in milli- 
meters and are derived from the basic 
inch dimensions as indicated. Grid 
graduations are in mils (10~^ inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should considera tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 


Dimensions and Pad Layout for CD4008BH 


77 



CD4009UB, CD4010B Types 

CMOS Hex 
Buffers/Converters 

High-Voltage Types {20-Volt Rating) 

Inverting Type: CD4009UB 
Non-Inverting Type: CD4010B 


Features: 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 juA at 18 V over full 
package-temperature range; 100 nA at 18 V and 25^C 

■ 5-V, 10-V, and 15-V parametric ratings 


The RCA-CD4009UB and CD4010B Hex 
Buffer/Converters may be used as CMOS to 
TTL or DTL logic-level converters or CMOS 
high-sink-current drivers. 

The CD4049UB and CD4050B are preferred 
hex buffer replacements for the CD4009UB 
and CD4010B, respectively, in all applica- 
tions except multiplexers. For applications 
not requiring high sink current or voltage 
conversion, the CD4069UB Hex Inverter is 
recommended. 

The CD4009UB and CD4010B types are 
supplied in 16-lead hermetic dual-in-line 
ceramic packages (D and F suffixes), 16- 
lead dual-in-line plastic packages (E suffix), 
16-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 


Applications: 

■ CMOS to DTL/TTL hex converter 

■ CMOS current “sink” or “source” 
driver 

■ CMOS high-to-low logic-level 
converter 

■ Multiplexer — 1 to 6 or 6 to 1 


CD4009UB 

FUNCTIONAL DIAGRAM 


Vcc 

L. 

!• 

16 

— VoD 

Vcc — 
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B — 

5 

12 

l=C 

6 

II 
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TOP VIEW 

NC>NO CONNECTION 


9eCS-24462RI 

NC* NO CONNECTION 

CD4010B 


TERMINAL ASSIGNMENTS 

MAXIMUM Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (VoD.Vcc) 

(Voltages referenced to Vss Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vdd +0-5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq): 

For Ta = -40 to +60OC (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/^C to 200 mW 

For Ta = -55 to +100^0 (PACKAGE TYPES D.F.K) 500 mW 

For Ta = +100 to + 125 OC (PACKAGE TYPES D, F, K) . . . Derate Linearly at 12 mW/^C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = full package-temperature range (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H -55 to +1 25°C 

PACKAGE TYPE E -40 to + 85 OC 

STORAGE TEMPERATURE RANGE (Tjtg) -65 to +150^0 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 ± 1 /32 inch ( 1 .59 ± 0.79 mm) from case for 10s max +265®C 


VssO-^ 
vddO — ^ 


CD4010B 

FUNCTIONAL DIAGRAM 


AMBIENT TEMPERATURE (Ta)*25*C^ MAX. 




CONFIGURATION: 

HEX COS/MOS TO DTL OR TTL 
CONVERTER (INVERTING) 
WIRING SCHEDULE: 

CONNECT Vcc TO DTL OR 
TTL SUPPLY. 

CONNECT Vdd TO COS NOS 
SUPPLY 

92SS-4I39RI 



Fig. 3 — Minimum and maximum voltage transfer 
characteristics— CD4009UB. 


CONFIGURATION: 

HEX COS/MOS TO OTL OR TTL 
CONVERTER (NON-INVERTING) 
WIRING SCHEDULE: 

CONNECT Vcc TO DTL OR 
TTL SUPPLY 

CONNECT Vdd TO COS/MOS 
SUPPLY. 


’'ALL INPUTS ARE ^ 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 


Fig. 1 — Schematic diagram of CD4009UB— 
1 of 6 identical stages. 


Fig. 2 — Schematic diagram of CD4010B— 
1 of 6 identical stages. 






CD4009UB, CD4010B Types 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage Range (For Ta = Full 

Package Temperature Range), Vqd 

3 

18 

V 

Vcc* 

3 

Vdd 

Input Voltage Range (V|) 

vcc* 

vdd 

V 


*The CD4009UB and CD4010B have high-to-low level voltage conversion capability but not low-to- 
high level, therefore it is recommended that N/qd >^\> Vcc- 



Fig. 4 — Typical voltage transfer characteristics 
as function of temp.—CD4009UB. 


STATIC ELECTRICAL CHARACTERISTICS 


CHARAC- 

TERISTIC 

CONDITIONS 

Limits At Indicated Temperatures {°C) 

Values at -55, +25, + 125 Apply to D,F,K,H Pkgs. 
Values at —40, +25, +85 Apply to E Package 

UNITS 

Vo 

(V) 

V|N 

(V) 

Vdd 

(V) 

-55 

-40 

+85 

+125 

+25 

Min. 

Typ. 

Max. 

Quiescent 

Device 

Current, Iqq 
M ax. 

- 

0,5 

5 

1 

1 

30 

30 

- 

0.02 

1 

ptA 

- 

0,10 

10 

2 

2 

60 

60 

- 

0.02 

2 

- 

0,15 

15 

4 

4 

120 

120 

- 

0.02 

4 

- 

0,20 

20 

20 

20 

600 

600 

- 

0.04 

20 

Output Low 
(Sink) 

Current 

IqL Min. 

0.4 

0.5 

4.5 

3.2 

3.1 

2.1 

1.8 

2.6 

3.4 

— 

mA 

0.4 

0,5 

5 

3.75 

3.6 

2.4 

2.1 

3 

4 

- 

0.5 

0,10 

10 

10 

9.6 

6.4 

5.6 

8 

10 

- 


0,15 

15 

30 

40 

19 

16 

24 

36 

- 

Output High 
(Source) 

Current 

■oh 



5 


BiMcl 

PDi;i 

BBS 

BB 

-0.4 

- 

mMm 


5 

-1 

BtlsB 

-0.65 


-0.8 

-1.6 

- 

EBI 

BlPl 

■El 


-0.5 



-0.45 


- 

IQH 

QQ 

o 



^^1 

Dm 


-3 

- 

Output Voltage: 
Low-Level, 

Vq|_ Max. 

- 

Ba 


0.05 

- 

0 

■mm 

V 

- 

B»BM 

■El 

0.05 


0 

iiiim 

- 

QQ 

la 

0.05 

- 

0 

l^igl 

Output Voltage: 
High-Level, 

Vqh Min. 

- 

BBI 

B 

4.95 

BisU 

5 

- 

- 

PWil 

■El 

9.95 


10 

- 

- 


la 

14.95 


15 

- 

Input Low 
Voltage: 

VjL Max. 
CD4009UB 

n 

_ 

H 

1 

_ 

_ 

1 

V 

wm 

- 

B 

2 

- 

- 

2 


H 

la 

2.5 

- 

- 

ra 

Input Low 
Voltage: 

V||_ Max. 
CD4010B 

0.5 

— 


1.5 

— 

_ 

1.5 

1 

- 


3 

- 

- 

bh 

1.5 

- 

15 

4 

- 

- 

4 

Input High 
Voltage: 

V||_| Min. 
CD4009UB 

0.5 

_ 

5 

4 

4 

_ 

— 

1 

- 

■El 

8 

8 

- 

- 

IB 

IB 

la 

12.5 


- 

- 

Input High 
Voltage: 

V|^ Min. 
CD4010B 

4.5 

— 

5 

3.5 

3.5 

— 

- 

9 


BPB 

7 

7 

- 

- 

13.5 

Hi 

H 

11 

11 

- 

- 

Input Current, 
l|[sj Max. 

- 

0,18 

18 


ID 



- 

±10-5 

±0.1 

ma 



92CS-I99SS 

Fig. 5 — Minimum and maximum voltage transfer 
characteristics (V qq=5)— CD40 1 0B. 
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Fig. 6 — Minimum and maximum voltage transfer 
characteristics (Vqq= 1 0)- CD40 1 0B. 
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Fig. 7 — Minimum and maximum voltage transfer 
characteristics (V qq=15)—CD4010B. 
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CD4009UB, CD4010B Types 

DYNAMIC ELECTRICAL CHARACTERISTICS af T^= 25 °C; Input tf =20 ns, 
C 1 ^= 50 pF, R 1^=200 KQ. 


CHARACTERISTIC 

CONDITIONS 

LIMITS 

ALL PKGS 

UNIT 

Vdd 

(V) 

V| 

(V) 

Vcc 

(V) 

TYP. 

MAX. 

Propagation Delay Time: 
Low-to-High, tpLH 

CD4009UB 

5 

5 

5 

70 

140 

ns 

10 

10 

10 

40 

80 

10 

10 

5 

35 

70 

15 

15 

15 

30 

60 

15 

15 

5 

30 

60 

CD4010B 

5 

5 

5 

100 

200 

ns 

10 

10 

10 

50 

100 

10 

. 10 

5 

50 

100 

15 

15 

15 

35 

70 

15 

15 

5 

35 

70 

High-to-Low, tpHL 

CD4009UB 

5 

5 

5 

30 

60 

ns 

10 

10 

10 

20 

40 

10 

10 

5 

15 

30 

15 

15 

15 

15 

30 

15 

15 

5 

10 

20 

CD4010B 

5 

5 

5 

65 

130 

ns 

10 

10 

10 

35 

70 

10 

10 

5 

30 

70 

15 

15 

15 

25 

50 

15 

15 

5 

20 

40 

Transition Time: 
Low-to-High, tTLH 

5 

5 

5 

150 

350 

ns 

10 

10 

10 

75 

150 

15 

15 

15 

55 

110 

High-to-Low, tjHL 

5 

5 

5 

35 

70 

ns 

10 

10 

10 

20 

40 

15 

15 

15 

15 

30 

Input Capacitance, C||vj 
CD4009UB 

- 

_ 

_ 

15 

22.5 

pF 

CD4010B 
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I 1 

- 

5 

7.5 
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0“ 

— 

— 

= (Ta 

.125" C 





ii 




- 

m 

Erf 





iii 




■ 

m 

m 











■ 

■ 

■ 

s 



m 


itni 




I 







B 



'■r. 










tHi. 


li 

i> 



K 





Mi- 


H 




pi 






m 



m 




pi 




■i; 


H 

11 

s 

P 




pi 

: T 


i;;? 



H 

H 






p 

iii:j 





H 

H 


P 

i;:: 


El 


H 

to 

5 



H 

m 


iSS!! 


0 2 4 6 8 10 12 U 

INPUT VOLTS (V() 


Fig. 8 — Typical voltage transfer characteristics 

as a function of temperature— CD401 OB. 



92CS-I7838RI 

Fig. 9 — Typical output low (sink) 
current characteristics. 
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DRAIN-TO-SOURCE VOLTS (Vqs) 

92CS-I7876RI 

Fig. 10 — Minimum output low (sink) 
current characteristics. 
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Fig. 11 — Typical output high (source) 
current characteristics. 
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92CS- 27652RI 


Fig. 12 — Minimum output high (source) 
current characteristics. 



LOAD CAPACITANCE (Cl) - pF 92CS-27653 
Fig. 13 — Typical low-to-high propagation delay 
time vs. load capacitance (CD4009UB). 
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HIGH-TO-LOW PROPAGATION DELAT TIME (tpHt)- 


CD4009UB, CD4010B Types 



Fig. 14 — Typical high-to-low propagation delay Fig. 15 — Typical low-to-high propagation delay Fig. 16 — Typical high-to-low propagation 


time load capacitance (CD4009UB). time vs. load capacitance (CD4010B). delay time vs. load capacitance (CD4010B). 



Fig. 17 — Typical low-to-high transition time Fig. 18 — Typical high-to-low transition time Fig. 19 — Typical dissipation characteristics. 

u'S. load capacitance. I's. load capacitance. 



Fig. 20 — Quiescent device current Fig. 21 — Noise immunity test 
test circuit. circuit. 





Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid Graduations Are In Mils (10~^ Inch) 


Photograph of chip for CD4009UB. 
Dimensions and pad layout for 


The photographs and dimensions of each CMOS chip CD4010B are identical, 

represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
Fig. 22 — Input current test dimensions shown. The user should consider a tolerance 

circuit. of —3 mils to +16 mils applicable to the nominal 

dimensions shown. 


SEQUENTIALLY, 

TO BOTH Vqd ANOVss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
VdD or Vcc' 
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CD4011B, CD4012B, CD4023B Types 


CMOS NAND GATES 

High-Voltage Types (20-Volt Rating) 

Quad 2 Input - CD401 1B 
Dual 4 Input -CD4012B 
Triple 3 Input - CD4023B 

RCA-CD4011B, CD4012B. and CD4023B 
NAND gates provide the system designer 
with direct implementation of the NAND 
function and supplement the existing family 
of CMOS gates. All inputs and outputs are 
buffered. 

The CD4011B. CD40t2B, and CD4023B 
types are supplied in 1 4-lead hermetic dual- 
in-line ceramic packages (D and F suffixes), 
1 4-lead dual-in-line plastic packages (E suf- 
fix), 14-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 


Features: 

■ Propagation delay time = 60 ns (typ.) at 

CL = 50pF, Vdd= 10 V 

■ Buffered inputs and outputs 

■ Standardized symmetrical output characteristics 

■ Maximum input current of 1 juA at 18 V 

over full package temperature range; 

100 nA at 18 V and 25«>C 

■ 100% tested for quiescent current at 20 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Noise margin (over full package temperature 

range: 

1 V at Vdd = 5 V 

2 Vat Vdd = 10 V 
2.5 Vat Vdd = 15 V 

■ Meets all requirements of JED EC Tentative 
Standard No.13A, “Standard Specifications 
for Description of Series CMOS Devices" 


MAXIMUM Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE. IVq^) 

(Voltages referenced to V 35 Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqjj +0.5 V 

DC INPUT CURRENT. ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq): 

For T^ = -40 to +60 C (PACKAGE TVTE E) 500 mW 

For T;^ = +60 to +85®C (PACKAGE TYPE E) Derate Linearly at 12 mW/®C to 200 mW 

For T;^ = -55 to +100'»C (PACKAGE TYPES D.F.K) 500 mW 

For T;^ = +100 to +1 25“ C (PACKAGE TYPES D,F,K) . . . Derate Linearly at 12 mW/'®C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T^): 

PACKAGE TYPES D, F, K, H -55 to +1 25®C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (Tj^.) -65 to +150®C 

LEAD TEMPERATURE (DURING SOLDERING); 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from case for 10 s max +265°C 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage Range (For = Full Package 

Temperature Range) 

3 

18 

V 


TERMINAL ASSIGNMENTS 


A 

J«AB 

C 
D 

vss 

TOP VIEW 

92CS-24453 




TOP VIEW 92CS-24454RI 
NC» NO CONNECTION 


A 

B 

D 

E 

P 

K«DEF 

vss 


TOP VIEW 

92CS-244f,5 



CD4011B 


CD4012B 


CD4023B 



92CS-24763 


CD4011B 

FUNCTIONAL DIAGRAM 



CD4012B 

FUNCTIONAL DIAGRAM 


PVOD 



CD4023B 92CS- 24761 

FUNCTIONAL DIAGRAM 
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CD4011B, CD4012B, CD4023B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES {^C) 
Values at —55, +25, +125 Apply toD, F, K, H Packages 
Value? at -40, +25, +85 Apply to E Package 

UNITS 

Vo 

(V) 

V|N 

(V) 

VdD 

(V) 


+25 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 

Quiescent Device 
Current, 

IDD Max. 

- 

0,5 

5 

0.25 

0.25 

7.5 

7.5 

- 

0.01 

0.25 


- 

0,10 

10 

0.5 

0.5 

15 

15 

- 

0.01 

0.5 

- 

0,15 

15 

1 

1 

30 

30 

- 

0.01 

1 

- 

0,20 

20 

5 

5 

150 

150 

- 

0.02 

5 

Output Lov^ 

(Sink) Current 
Iql Min. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 

Output High 
(Source) 

Current, 

Iqh Min. 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Voltage; 
Low-Level, 

Vql Max. 

- 

0,5 

5 

0.05 

- 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output Voltage: 
High-Level, 

Vqh Min. 

- 

0,5 

5 

4.95 

4.95 

'5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage, 

V|i_ Max. 

4.5 

- 

5 

1.5 

— 

- 

1.5 

V 

9 

- 

10 

3 

- 

- 

3 

13.5 

- 

15 

4 

- 

- 

4 

Input High 
Voltage, 

V|H Min. 

0.5, 4.5 

- 

5 

3.5 

3.5 

- 

- 

1.9 

- 

10 

7 

7 

- 

— 

1.5,13.5 

- 

15 

11 

11 

- 

- 

Input Current 
l|N Max. 


0,18 

18 

*0.1 
1 

±0.1 

±1 

±1 

- 

±10-5 

±0.1 

mA 



92CS-28904 


Fig. 1 — Typical voltage transfer characteristics. 



92CS-28905 


Fig.2 — Typical power dissipation characteristics. 



Fig. 3 — Typical output low (sink) current 
characteristics. 



92CS-243I9RI 

Fig.4 — Minimum output tow (sink) current 
characteristics. 


DRAIN- TO-SOURCE VOLTAGE (Vos)—V 



Fig. 5 — Typical output high (source) current 
characteristics. 


DRAIN-TO-SOURCE VOLTAGE (Vos)— V 



Fig.6 — Minimum output high (source) current 
characteristics. 




CD4011B, CD4012B, CD4023B Types 




*ALL INPUTS ARE PROTECTED I 0^ ^ GATES (NUMBERS 

BY COS/MOS PROTECTION IN PARENTHESES ARE 

NETWORK TERMINAL NUMBERS 

FOR OTHER GATES) 

Fig.7 — Schematic and logic diagrams for CD401 IB. 



I OF 2 GATES (NUMBERS IN _A 

PARENTHESES ARE TERMINAL ' T 
NUMBERS FOR OTHER GATES) YsS 


*-1 1(13) 

3 ^* 



ALL INPUTS ARE PROTECTED 
BY COS/MOS PROTECTION 
NETWORK 


Fig.8 — Schematic and logic diagrams for CD4012B. 



I OF 3 GATES (NUMBERS IN 
PARENTHESES ARE TERMINAL 
NUMBERS FOR OTHER GATES) 



* ALL INPUTS ARE PROTECTED 
BY COS/MOS PROTECTION 
NETWORK 



10 20 30 40 50 60 70 80 90 100 

LOAD CAPACITANCE (Ci.) — pF 


Fig. 10 — Typical propagation delay time per gate 
as a function of load capacitance. 


Fig. 9 — Schematic and logic diagrams for CD4023B. 


DYNAMIC ELECTRICAL CHARACTERISTICS 

At = 25° C; Input t^, tf= 20ns, = 50 pF, = 200kQ 


I AMBIENT TEMPERATURE (Ta)»25*C 


TEST CONDITIONS 


CHARACTERISTIC 


Propagation Delay Time, 
tPHL. tPLH 

Transition Time, 
tTHL.tTLH 
Input Capacitance, C||\j 


Any Input 


ALL TYPES 

LIMITS 

TYP. 

MAX. 

125 

250 

60 

120- 

45 

90 

100 

200 

50 

100 

40 

80 

5 

7.5 



LOAD CAPACITANCE (Cl)— pF 


Fig. 11 — Typical transition time as a function of 
load capacitance. 
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CD4011B, CD4012B, CD4023B Types 





Fig. 13 — Input-voltage test circuit. 


Fig. 14 - Input-current test circuit. 


Fig. 12 — Quiescent-device-current test circuit. 


CHIP PHOTOGRAPHS 
Dimensions and Pad Layouts 



92CS-35052 


CD4011BH 


CD4012BH 



Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~^ inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to -h16 mils applicable to the nominal 
dimensions shown. 


CD4023BH 





CD4011UB, CD4012UB, CD4023UB Types 


CMOS NAND Gates 

High-Voltage Types (20-Volt Rating) 

Quad 2 Input — CD4011UB 
Dual 4 Input -CD4012UB 
Triple 3 Input - CD4023UB 

The RCA-CD4011UB, CD4012UB, and 
CD4023UB NAND gates provide the system 
designer with direct implementation of the 
NAND function and supplement the existing 
family of CMOS gates. 

The CD401 1 UB, CD401 2UB, and CD4023UB 
types are supplied in 1 4-lead hermetic dual- 
in-line ceramic packages (D and F suffixes), 
14-leaddual-in-line plastic packages (E suf- 
fix), 14-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 


Features: 

■ Propagation delay time = 30 ns (typ). at 

Cl = 50 pF, Vdd = 10 V 

■ Standardized symmetrical output 

characteristics 

■ 100% tested for quiescent current at 

20 V 

■ Maximum input current of 1 juA at 18 V 

over full package temperature range; 

100 nA at 18 V and 25^0 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of 'B' Series CMOS Devices" 



Fig. 1 - Schematic diagram for type CD4012UB. 
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FUNCTIONAL DIAGRAM 


RECOMMENDED OPERATING 
CONDITIONS 

For maximum reliability, nominal operating 
conditions should be selected so that opera- 
tion is always within the following ranges. 


CHARACTERISTIC 

MIN. 

MAX. 

UNITS 

Supply Voltage 
Range (For T/\= 
Full Package Tem- 
perature Range) 

3 

18 

V 
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CD4011UB, CD4012UB, CD4023UB Types 


MAXIMUM Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE. (Vdd) 

(Voltages referenced to Vss Terminal) 

INPUT VOLTAGE RANGE, ALL INPUTS - 

DC INPUT CURRENT, ANY ONE INPUT 

POWER DISSIPATION PER PACKAGE (Pq): 

For Ta = -40 to +60OC (PACKAGE TYPE E) 

For Ta = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 

For Ta = -55 to +100°C (PACKAGE TYPES D.F.K) 

For Ta = +100 to +125°C (PACKAGE TYPES D. F. K). . . Derate Linearly at 12 

DEVICE Dli^SIPATION PER OUTPUT TRANSISTOR 
FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) . . . 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H 

PACKAGE TYPE E 

STORAGE TEMPERATURE RANGE (Tjtg) 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /16 ± 1 /32 inch (1 .59 ± 0.79 mm) from case for 10 s max 


-0.5 to +20 V 
0.5 to Vdd +0.5 V 
. . ±1 0 mA 


. . 500 mW 

mW/OC to 200 mW 
. . 500 mW 

mW/Oc to 200 mW 


- 55 to+125°C 
-40 to +85°C 
-65 to+150°C 



5 7.5 10 12.5 15 

INPUT VOLTAGE (Vj 1-V 


Fig. 4 — Minimum and maximum voltage 
transfer characteristics. 


1 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 


LIMITS AT INDICATED TEMPERATURES i^C) 
CONDITIONS Values at -55 +25, +125 Apply to D, F, K, H Packages 
Values at —40, +25, +85 Apply to E Package 


ISTIC 

Vo 

V|N 




+25 


(V) 

(V) 

(V) 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 

Quiescent Device 

- 

0,5 

5 

0.25 

0.25 

7.5 

7.5 

- 

0.01 

0.25 

Current, 

- 

0,10 

10 

0.5 

0.5 

15 

15 

- 

0.01 

0.5 

IDD Max. 

- 

0,15 

15 

1 

1 

30 

30 

- 

0.01 

1 


- 

0,20 

20 

5 

5 

150 

150 

- 

0.02 

5 

Output Low 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

(Sink) Current 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

Iql Min. 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 

Output High 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

(Source) 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

, -3.2 

- 

Current, 

1 /^tJ IVyi in 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

■OH iviin. 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Voltage: 

- 

0,5 

5 

0.05 

- 

0 

0.05 

Low-Level, 

\J r\% IVyi;5v 

- 

0,10 

10 

0.05 

- 

0 

0.05 

V ^ L O A, 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output Voltage: 

- 

0,5 

5 

4.95 

4.95 

5 

- 

High-Level, 

- 

0,10 

10 

9.95 

9.95 

10 

- 

VqH Min. 

- 

0,15 

15 

14.95 

14.95 

15 

- 




lO I5 

INPUT VOLTAGE (Vjl-V 


Fig. 5 — Typical voltage transfer characteristics 
as a function of temperature. 


' AMBIENT TEMPERATURE (Tft) ‘25*0 - 
SUPPLY VOLTS (Vdq) • ♦ I5 [J 



0-1 INPUT 
b-2 INPUTS 
c-3 INPUTS 
d>4 INPUTS 

. OTHER INPUTS TO VpD 


.5 15 

INPUT VOLTS (Vj) 


Fig. 6 — Typical multiple input switching transfer 
characteristics for CD4012UB. 
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Fig. 7 — Typical current and voltage transfer 
characteristics. 
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OUTPUT LOW (SINK) CURRENT (IqJ 


CD4011UB, CD4012UB, CD4023UB Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 

At T^= 25° C, Input t^, tf = 20 ns, and Ci_ = 50 pF, R^= 200k Q. 


CHARACTERISTIC 

TEST CONDITIONS 

ALL TYPES 
LIMITS 

UNITS 


^DD 

VOLTS 

TYP. 

MAX 

Propagation Delay Time, 

^PHL' VlH 


5 

10 

15 

60 

30 

25 

120 

60 

50 

ns 

Transition Time, 

^THL'^TLH 


■ 

H 

200 

100 

80 

ns 

Input Capacitance, C||y| 

Any Input 

10 

15 

pF 



Fig.8 — Typical output low (sink) current 
characteristics. 



92C8-243«9RI 


Fig. 9 — Minimum output low (sink) current 
characteristics. 


DRAIN-TO-SOURCE VOLTAGE (Vos)— V 



Fig. 10 — Typical output high (source) current 
characteristics. 


DRAIN-TO-SOURCE VOLTAGE (Vds)— V 



Fig. 1 1 - Minimum output high (source) current 
characteristics. 




Fig. 12 — Typical propagation delay time vs. load 
capacitance. 


Fig. 13 — Typical transition time vs. load 
capacitance. 


Fig. 14 — Typical power dissipation vs. 
frequency characteristics. 




Vss 


92CS-2744IRI 



Fig. 15 — Quiescent device current test circuit. 


Fig. 16 — Input voltage test circuit. 


Fig. 17 — Input current test circuit. 
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CD4011UB, CD4012UB, CD4023UB Types 


TERMINAL ASSIGNMENTS 


K=CD — ^4 
C — ^5 


12 ^ G _ 
II I — M = GH 
■ L = EF 


92CS-24453 


TOP VIEW 
CD4011UB 



B— 2 
0 — 3 
E— 4 
F— 5 
K=D£F— 6 
VSS— 7 


12 — H 

II — I 

10 — L'GTTT 
9 — J=ABC 
8 — C 


TOP VIEW 
CD4023UB 


CHIP PHOTOGRAPHS 
Dimensions and Pad Layouts 




CD4011UBH 


65-73 

■( 1 , 652 - 1 . 854 ) 

CD4023UBH 


92CS-27743 



Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10~^ inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


CD4012UBH 
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CD4013B Types 


CMOS Dual 
‘D’-Type Flip-Flop 

High-Voltage Types (20-Volt Rating) 

The RCA-CD4013B consists of two identical, 
independent data-type flip-flops. Each flip- 
flop has Independent data, set, reset, and 
clock inputs and Q and Q outputs. These de- 
vices can be used for shift register applica- 
tions, and, by connecting Q output to the 
data input, for counter and toggle applica- 
tions. The logic level present at the D input 
Is transferred to the Q output during the 
positive-going transition of the clock pulse. 
Setting or resetting is independent of the 
clock and is accomplished by a high level on 
the set or reset line, respectively. 

The CD4013B types are supplied in 14-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 14-lead dual-in-line piastic 
packages (E suffix), 14-iead ceramic fiat 
packages (K suffix), and in chip form (H 
suffix). 


Features: 

■ Set-Reset capability 

■ Static flip-flop operation — retains state 

indefinitely wi^ clock level either 
“high" or “low" 

■ Medium-speed operation — 16 MHz (typ.) 

clock toggle rate at 10V 

■ Standardized symmetrical output 
characteristics 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 /xA at 18 V 
over full package temperature range; 

100 nA at 18 V and 250C 

■ Noise margin (over full package 
temperature range): 1 V at Vq[)=5 V 

2 V at VpD=10 V 
2.5 V at Vdd=15 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 

■ Registers, counters, control circuits 


RECOMMENDED OPERATING CONDITIONS 

At T/^= 25° C, Except as Noted. For maximum reliability, nominal operating condi- 
tions should be selected so that operation is always within the following ranges: 


CHARACTERISTIC 

§ > 

> 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage Range 





(For T;^ = Full Package 

- 

3 

18 

V 

Temperature Range) 






5 

40 

- 


Data Setup Time tg 

10 

20 

- 

ns 


15 

15 

- 



5 

140 

- 


Clock Pulse Width ty^ 

10 

60 

- 

ns 


15 

40 

- 



5 


3.5 


Clock Input Frequency f^L 

10 

dc 

8 

MHz 


15 


12 



5 

_ 

70 


Clock Rise or Fall Time 





t^CL* t^CL 

10 


6 

lis 


15 

- 

2 



5 

180 

_ 


Set or Reset Pulse Width 






10 

80 

— 

ns 

% 






15 

50 

- 



*lf more than one unit is cascaded in a parallel clocked operation, t^CL should be made less than or equal to 
the sum of the fixed propagation delay time at 15 pF and the transition time of the output driving stage for 
the estimated capacitive load. 



CD4013B 

FUNCTIONAL DIAGRAM 



Fig. 1 — Typical output low (sink) 
current characteristics. 



Fig. 2 — Minimum output low (sink) 
current characteristics. 


DRAIN-TO-SOURCE VOLTAGE (Vos)— V 



Fig. 3 — Typical output high (source) 
current characteristics. 
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CD4013B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARAC- 

TERISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (^C) 
Values at -55.-i-25,-H25 Apply to D,F,K,H Pkgs. 
Values at — 40,-*-25,-»-85 Apply to E Pkgs. 

UNITS 

Vo 

(VI 

V|N 

(V) 

Vdd 

(V) 

-55 

-40 

+85 

+125 

+25 

Min. 

Typ. 

Max. 

Quiescent 

Device 

Current 

IqD Max. 

- 

0,5 

5 

1 

1 

30 

30 

- 

0.02 

1 

iuA 

- 

0,10 

10 

2 

2 

60 

60 

- 

0.02 

2 

- 

0,15 

15 

4 

4 

120 

120 

- 

0.02 

4 

- 

0,20 

20 

20 

20 

600 

600 

- 

0.04 

20 

Output Low 
(Sink) 
Current, 

IqL Min. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 


mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 

Output High 
(Source) 
Current, 

'oh IMin. 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Volt- 
age: 

Low-Level, 
Vql Max. 

_ 


5 

0.05 

_ 


0.05 


- 

EIEI 

10 

0.05 

- 

0 

Klig 

- 

Qg 

15 

0.05 

- 

0 


Output Volt- 
age: 

High-Level, 
Vqh Min. 


0,5 

5 

4.95 

4.95 



- 

bmeI 

■El 

9.95 


10 

- 

- 


■a 

14.95 



- 

Input Low 
Voltage, 

V||_ Max. 

0.5,4.5 

- 

5 

1.5 

- 

IBIIII 

n 

1 

1,9 

- 

■El 


BjH 

BBH 

n 


- 

■a 

4 


- 

4 

Input High 
Voltage, 

V||_| Min. 

0.5,4.5 

- 

5 

3.5 


_ 

_ 

1,9 

- 

mm 

7 

7 

— 

_ 


- 

15 

11 

11 



- 




0,18 

18 

±0.1 

±0.1 

±1 

±1 

■ 






92CM-27S08RI 

Fig. 7 — Logic diagram and truth table for CD4013B 
(one of two identical flip-flops). 


DRAIN-TO-SOURCE VOLTAGE (Vosl— V 



Fig. 4 — Minimum output high (source) 
current characteristics. 



Fig. 5 — Typical propagation delay time vs. load 

capacitance (CLOCK or SET to Q.CLOCK 
or RESET to Q). 
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Fig. 6 — Typical propagation delay time vs. load 
capacitance (SET to Q or RESET to Q. 



SUPPLY VOLTAGE (Voc,J — V 92CS- 26392R2 

Fig. 8 — Typical maximum clock frequency vs. 
supply voltage. 
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CD4013B Types 


MAXIMUM Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE. (V^q) 

(Voltages referenced to Vss Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to Vqd +0-5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq): 

For Ta = -40 to (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For Ta = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

For Ta = +100 to +125°C (PACKAGE TYPES D.F.K). . . Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D. F. K, H -55 to +1 25°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (Tjtg) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING); 

At distance 1 /1 6 ± 1 132 inch (1 .59 ± 0.79 mm) from case for 1 0 s max +265°C 

DYNAMIC ELECTRICAL CHARACTERISTICS 

At = 25° C; Input t/., tf = 20ns, = 50 pF, Ri^ = 200 kO. 

TEST 

CONDITIONS LIMITS 


CHARACTERISTIC 


Propagation Delay Time: 
Clock to Q or Q Outputs 


Set to Q or Reset to Q tp 


Set to Q or Reset to Q tp 


Transition Time t-r 


Maximum Clock Input Frequency 
j Frequency ^ fp, 


Minimum Clock Pulse Width 


Minimum Set or Reset Pulse 
Width t^ 


Minimum Data Setup Time tg 

Clock Input Rise or Fall Time 

VCL, ^fCL 

Input Capacitance Cjjsj 

#lnput t^, tf = 5 ns. 


Any Input 


(V) MIN. 

TYP. 

MAX. 


5 

150 

300 


10 

65 

130 

ns 

15 

45 

90 


5 

150 

300 


10 

65 

130 

ns 

15 

45 

90 


5 

200 

400 


10 

85 

170 

ns 

15 

60 

120 


5 

100 

200 


10 

50 

100 

1 

ns 

15 

40 

80 


5 3.5 

7 



10 8 

16 


MHz 

15 12 

24 

- 


5 

70 

140 


10 

30 

60 

ns 

15 

20 

40 


5 

90 

180 


10 

40 

80 

ns 

15 

25 

50 


5 

20 

40 


10 

10 

20 

ns 

15 

7 

15 


5 

- 

70 


10 

- 

6 

MS 

15 

- 

2 


- 

5 

7.5 

pF 



92CS-3927I 

Fig. 9 — Typical power dissipation 
vs. frequency. 

TEST CIRCUITS 



Vss 


92CS- 2740IRI 

Fig. 10 — Quiescent device current. 




Fig. 12 — Input current. 
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CD4013B Types 


Ql H I 


CLOCK 
RESET I — 

Dl — 5 
SETI — 6 
VSS — 7 


13 |— Q2 
- Q2 


10 


CUOCK 2 
RESET 2 
9 |— 02 
— SET 2 


92CS-24455HI 


TERMINAL ASSIGNMENT 


VOD 



Fig. 13— Dynamic power dissipation test 
circuit 



DIMENSIONS AND PAD LAYOUT FOR CD4013BH 



Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10~^ inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the water. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +76 mils applicable to the nominal 
dimensions shown. 
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CD4014B, CD4021B Types 


CMOS 8-Stage 
Static Shift Registers 

High-Voltage Types (20-Volt Rating) 

CD4014B: 

Synchronous Parallel or 
Serial Input/Serial Output 

CD4021B: 

Asynchronous Parallel Input or 
Synchronous Serial Input/Serial Output 

The RCA-CD4014B and CD4021 B series 
types are 8-stage parallel- or serial-input/ser- 
ial output registers having common CLOCK 
and PARALLEL/SERIAL CONTROL inputs, 
a single SERIAL data input, and individual 
parallel "JAM" inputs to each register stage. 
Each register stage is a D-type, master-slave 
flip-flop. In addition to an output from stage 
8, "Q" outputs are also available from stages 
6 and 7. Parallel as well as serial entry is 
made into the register synchronously with the 
positive clock line transition in the CD4014B. 

In the CD4021B serial entry is synchronous 
with the clock but parallel entry is asyn- 
chronous. In both types, entry is controlled 
by the PARALLEL/SERIAL CONTROL in- 
put. When the PARALLEL/SERIAL CON- 
TROL input is low, data is serially shifted 
into the 8-stage register synchronously with 
the positive transition of the clock line. When 
the PARALLEL/SERIAL CONTROL input 
is high, data is jammed into the 8-stage 
register via the parallel input lines and syn- 
chronous with the positive transition of the 
clock line. In the CD4021B, the CLOCK 
input of the internal stage is "forced" when 
asynchronous parallel entry is made. Register 
expansion using multiple packages is per- 
mitted. 

The CD401 4B and CD4021 B series types are 
supplied in 16-lead hermetic dual-in-line 
ceramic packages (D and F suffixes), 16- 
lead dual-in-line plastic packages (E suffix), 
16-lead ceramic flat packages (K suffix), and 
in chip form (H suffix). 


PI-8 

Q6 

Q8 

PI-4 

PI-3 

PI-2 

PI-1 

vss 



Vdd 

PI-7 

PI-6 

PI-5 

Q7 

SERIAL IN 
CLOCK 

parallel/serial 

CONTROL 


TOP VIEW 92CS-24456 


TERMINAL DIAGRAM 
CD4014B, CD4021B 


Features: 

■ Medium-speed operation ... 12 MHz (typ.) clock 
rate at Vqq— V gs = 10 V 

■ Fully static operation 

■ 8 master-slave flip-flops plus output 
buffering and control gating 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 jit A at 18 V 
over full package-temperature range; 

100 nAat18 Vand 

■ Noise margin (full package-temperature 

range) = 1 V at Vdd = 5 V 

2 Vat VdD = 10 V 
2.5 Vat Vdd = 15 V 

■ Standardized, symmetrical output characteristics 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" Applications: 

■ Parallel input/serial output 
data queueing 

■ Parallel to serial data conversion 

■ General-purpose register 

RECOMMENDED OPERATING CONDITIONS AT T^ = 2S^C, Unless Otherwise Specified 

For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges. 


CHARACTERISTIC 

VdD 

(V) 

LIMITS 

UNITS 

Min. 

Max. 

Supply-Voltage Range (T^= Full 
Package-Temperature Range) 

- 

3 

18 

V 


5 

180 

- 


Clock Pulse Width, tyy 

10 

80 

- 

ns 


15 

50 

- 



5 

- 

3 


Clock Frequency, Iql 

10 

- 

6 

MHz 


15 

- 

8.5 


Clock Rise and Fall Time, 

5 

- 

15, 


trCL, tfCL 

10 

15 

_ 

15 

15 

jUS 

Set-up Time, t^; 



■ 



5 

120 

_ 


Serial Input 
(ref. to CL) 

10 

80 

- 

ns 


15 

60 

— 


Parallel Inputs 

5 

80 

- 


CD4014B 

10 

50 

- 

ns 

(ref. to CL) 

15 

40 

- 


Parallel Inputs 

5 

50 

- 


CD4021 B 

10 

30 

- 

ns 
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15 

20 

- 
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5 

180 

- 


CD4014B 

10 

80 

- 

ns 
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15 

60 

- 



5 
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10 

15 i 
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_ 



5 
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1 n 

140 
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1 u 

15 

100 
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CD4014B, CD4021B Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vqd) 

(Voltages referenced to Vss Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V^q +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq): 

For T^ = -40 to +60° C (PACKAGE TYPE E) 500 mW 

For = +60 to +85° C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For = -55 to +100° C (PACKAGE TYPES D, F, K) 500 mW 

For T^ = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T^): 

PACKAGE TYPES D, F, K, H -55to+125°C 

PACKAGE TYPE E -40to+85°C 

STORAGE TEMPERATURE RANGE (Tgtg) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16±1/32 inch (1.59±0.79 mm) from case for 10 s max +265°C 


lAMBIENT TEMPERATURE (Ta)-23*CH 


TGATE-TO-SOURCE voltage (Vgs)*I5V 4 


DRAIN-TO-SOURCE VOLTAGE (Vds) — V 

Fig. 3 — Typical output low (sink) current 
characteristics. 


lAMBIENT TEMPERATURE (Ta).25*C4 


f GATE-TO-SOURCE VOLTAGE (Vgs)* 15 V 


STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES TO 

Values at -55, +25, +125 Apply to D, F, K, H, Packages 
Values at —40, +25, +85 Apply to E Package 


CHARAC- 

TERISTIC 

CONDITIONS 


Vo 
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V|N 

(VI 
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(V) 


- 
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5 
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- 
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- 
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- 

0,20 
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- 
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CD4014B, CD4021B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta= 250C, Input tr,tf=20 ns, 
Cl=50 pF, Rl=200 KH 



TEST 






CONDITIONS 


LIMITS 


CHARACTERISTIC 


^DD 




UNITS 



(V) 

Min. 

Typ. 

Max. 


Propagation Delay Time, 


5 

- 

160 

320 



10 


80 

160 

ns 

tPLH' tpHL 


15 

- 

60 

120 

Transition Time, 


5 

- 

100 

200 


^THL' ^TLH 


10 

— 

50 

100 

ns 


15 

- 

40 

80 

Maximum Clock Input 


5 

3 

6 

- 


Frequency, fQ|_ 


10 

15 

6 

8.5 

12 

17 

_ 

MHz 

Minimum Clock Pulse 


5 

~ 

90 

180 


Width, tyy 


10 

15 

— 

40 

80 

ns 


- 

25 

50 


Clock Rise and Fall Time, 


5 

- 

- 

15 


trCL, tfCL* 


10 

15 

_ 

_ 

15 

15 

fXS 

Minimum Set-up Time, tgi 


5 

- 

60 

120 


Serial Input 


10 

- 

40 

80 

ns 

(ref. to CL) 


15 

- 

30 

60 


Parallel Inputs 


5 

- 

40 

80 


CD4014B 


10 

- 

25 

50 

ns 

(ref. to CL) 


15 

- 

20 

40 


Parallel Inputs 


5 

- 

25 

50 


CD4021 B 


10 

- 

15 

30 

ns 

(ref. to P/S) 

1 

15 

- 

10 

1 


Parallel/Serial Control 


5 

- 

90 

180 


CD4014B 


10 

- 

40 

80 

ns 

(ref. to CL) 


15 

- 

30 

60 


Minimum Hold Time, t^: 


5 

- 

- 

0 


Serial In, Parallel In, 


10 

- 

- 

0 

ns 

Parallel/Serial Control 


15 

- 

- 

0 


Minimum P/S Pulse Width, 


5 

- 

80 

160 


%H 


10 

- 

40 

80 

ns 

(CD4021B) 


15 

- 

25 

50 


Minimum P/S Removal Time, 


5 

- 

140 

280 


^REM 


10 

- 

70 

140 

ns 

CD4021B (ref. to CL) 


15 

- 

50 

100 


Average Input Capacitance, C| 

Any Input 

- 

5 

7.5 

pF 


* If more than one unit is cascaded t^-CL should be made less than or equal to the sum of the transition 
time and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 



92CS-24322 


Fig. 7 — Typical transition time as a function of 
load capacitance. 



9^CS- 29869 

Fig. 8 — Typical propagation delay time as a 
function of load capacitance. 




92CS-2987I 

Fig. 9 — Typical dynamic power dissipation 

as a function of dock input frequency. 
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CD4014B, CD4021B Types 


''OD 



Fig. 11 - Quiescent device Fig. 12 — Input voltage test circuit. Fig. 13 Input current test circuit. 


current test circuit. 



92CM- 29870 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When (he 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10~^ inch). 
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CD4015B Types 


CMOS Dual 4-Stage 
Static Shift Register 

With Serial Input/Parallel Output 

High-Voltage Types (20-Volt Rating) 

The RCA-CD4015B consists of two identical, 
independent, 4-stage serial-input/parallel- 
output registers. Each register has indepen- 
dent CLOCK and RESET inputs as well as 
a single serial DATA input. "Q" outputs are 
available from each of the four stages on 
both registers. All register stages are D-type, 
master-slave flip-flops. The logic level pre- 
sent at the DATA input is transferred into 
the first register stage and shifted over one 
stage at each positive-going clock transition. 
Resetting of all stages is accomplished by a 
high level on the reset line. Register expan- 
sion to 8 stages using one CD401 5B package, 
or to more than 8 stages using additional 
CD4015B's is possible. 

The CD4015B-series types are supplied in 
16-lead hermetic dual-in-line ceramic pack- 
ages (D and F suffixes), 16-lead dual-in-line 
plastic package (E suffix), 16-lead ceramic 
flat package (K suffix), and in chip form (H 
suffix). 


Features: 

■ Medium speed operation 

12 MHz (typ.) clock rate at Vqq — V 35 = 10 V 

■ Fully static operation 

■ 8 master-slave flip-flops plus input and output buffering 

n 100% tested for quiescent current at 20 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Standardized, symmetrical output characteristics 

■ Maximum input current of 1 jitA at 18 V 
over full package-temperature range; 

100 nA at 18 V and 25°C 

■ Noise margin (full package-temperature 
range) = 

1 V at Vdq = 5 V 

2 Vat Vqd = 10 V 

2.5 Vat Vqq = 15 V TERMINAL DIAGRAM 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 

■ Serial-input/parallel-output data queueing 

■ Serial to parallel data conversion 

■ General-purpose register 9203-24457 






PROTECTION NETWORK 


92CM-29383R2 


X = DON'T CARE CASE 


Fig. 1 — Logic diagram (1 register). 
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CD4015B Types 


MAXIMUM fKf<l\UGZ. Absolute Maximum Values: 

DC SUPPLY-VOLTAGE RANGE. (V^p) 

(Voltages referfenced to Vgg Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to Vpp +0.5 V 

DC INPUT CURRENT. ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq): 

For T^ = -40 to +60°C (PACKAGE TVTE E) ^ 500 mW 

For T^ = +60 to +85®C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

For = +100 to +125“C (PACKAGE TYPES D, F, K) . . . Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T^); 

PACKAGE TYPES D, F, K, H -55 to + 1 25°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (Tj^-) -65 to +150®C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from case for 10 s max +265°C 



F/g. 2 — Typical output low (sink) current 
characteristics. 


RECOMMENDED OPERATING CONDITIONS at T^ = 25°C, Except as Noted. For maximum 
reliability, nominal operating conditions should be selected so that operation is always within the 
following ranges: 


CHARACTERISTIC 
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- 
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- 
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92CS -243I9RI 

Fig. 3 — Minimum output low (sink) current 
characteristics. 
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Fig. 4 — Typical output high (source) current 
characteristics. 


DRAIN-TO-SOURCE VOLTAGE (VqsI-V 



Fig. 5 — Minimum output high (source) current 
characteristics. 



LOAD CAPACITANCE (Cl)— pF 

92CS-2A322 


Fig. 6 — Typical transition time as a function of 
load capacitance. 



Fig. 7 - Typical propagation delay time as a func- 
tion of load capacitance. 
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CD4015B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (**0 
Values at -55, +25, +125 Apply to D,K,F,H Packages 
Values at —40, +25, +85 Apply to E Package 

UNITS 

v6 

(V) 

V|N 

(V) 

Q.~ 
Q > 
> - 


+25 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 

Quiescent Device 
Current, 

IDD Max. 

- 

0,5 

5 

5 

5 

150 

150 

- 

0.04 

5 

pA 

- 

0,10 

10 

10 

10 

300 

300 

- 

0.04 

10 

- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 

- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

Output Low 
(Sink) Current 
Iql Min. 

0.4 

0.5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0.15 

15 

4.2 

4 

2.8 

2.4 

34 

6.8 

- 

Output High 
(Source) 

Current, 

IQH Min. 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Voltage: 
Low-Level, 

Vql Max. 

- 

0.5 

5 

0.05 

- 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output Voltage: 
High-Level, 

Vqh Min. 

- 

0,5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0.15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage, 

V|L Max. 

0.5, 4.5 

- 

5 

1.5 

— 

- 

1.5 

V 

1. 9 

- 

10 

3 

- 

— 

3 

1.5,13.51 

- 

15 

4 

- 

- 

4 

Input High 
Voltage, 

V|H Min. 

0.5, 4.5 

- 

5 

3.5 

3.5 

- 

— 

1, 9 

- 

10 

7 

7 

— 

— 

1.5,13.5 1 

- 

15 

11 

11 

- 

- 

Input Current 
l|N Max. 

- 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10"5 

±0.1 

ma 



95-I03 

(2. 4I3-2.6I6) 

92CM-29678 


Photograph of Chip Layout for CD4015B. 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~^ inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +76 mils applicable to the nominal 
dimensions shown. 
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CD4015B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS ar =25''C, Inputt^, tf = 20ns, Ci_=50pF, 

Rl_=200ka 


CHARACTERISTIC 

1 TEST CONDITIONS 

1 LIMITS 

UNITS 



Vdd<vi 

Min. 

KVP- 

Max. 


CLOCKED OPERATION 



5 

- 

160 

320 


Propagation Delay Time; Tp^L, TpL^ 


10 

- 

80 

160 




15 

- 

60 

120 




5 

- 

100 

200 


Transition Time; ^THL' ^TLH 


10 

- 

50 

100 

ns 



15 

- 

40 

80 




5 

- 

90 

180 


Minimum Clock Pulse Width, ty^CL 


10 

- 

40 

80 




15 

- 

25 

50 




5 

- 

- 

15 


Clock Rise & Fall Time; t^CL, t.fCL* 


10 

- 

- 

15 

ps 



15 

- 

- 

15 




5 

- 

35 

70 


Minimum Data Setup Time, t 5 u 


10 

- 

20 

40 

ns 



15 

- 

15 

30 




5 

3 

6 

_ 


Maximum Clock Input Frequency, f^L 


10 

6 

12 

- 

MHz 



15 

8.5 

17 

- 


Input Capacitance, C|n 

Any Input 

- 

5 

7.5 

pF 

RESET OPERATION 



5 

- 

200 

400 


Propagation Delay Time, T p^ 


10 

- 

100 

200 




15 

- 

80 

160 

ns 



5 

- 

100 

200 


Minimum Reset Pulse Width t^R 


10 

- 

40 

80 




15 

- 

30 

60 



* If more than one unit is cascaded t^CL should be made less than or equal to the sum of the transition 
time and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 



Fig. 8 — Typical power dissipation as a function 
of frequency. 



Fig. 9 — Power dissipation test circuit. 



Fig. 10 — Quiescent device current test 
circuit. 


Fig. 11 — Input voltage test circuit. 


Fig. 12 — Input current test circuit. 







CD4016B Types 


CMOS Quad 
Bilateral Switch 

For Transmission or Multiplexing 
of Analog or Digital Signals 

High-Voltage Types (20-Volt Rating) 


Terminal Assignment 



92CS-24458 


The RCA-CD4016B Series types are quad 
bilateral switches intended for the trans- 
mission or multiplexing of analog or digital 
signals. Each of the four independent bi- 
lateral switches has a single control signal 
input which simultaneously biases both the 
p and n device in a given switch on or off. 
The CD401 6 “B” Series types are supplied in 
14-lead hermetic dual-in-line ceramic pack- 
ages (D and F suffixes), 14-lead dual-in-line 
plastic packages (E suffix), 14-lead ceramic 
flat packages (K suffix), and in chip form (H 
suffix). 



92CS-27659 

Schematic diagram - 1 of 4 identical sections. 



Features: 

■ 20-V digital or ± 10-V peak-to-peak switching 
n 280-^2 typical on-state resistance for 15-V operation 
a Switch on-state resistance matched to within 10 ^2 
typ. over 15-V signal-input range 
a High on/off output-voltage ratio: 

65 dB typ. @ fjs = 10 kHz, Rl = 10 k^2 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following range: 


CHARACTERISTIC 

LIMITS 

Min. 1 Max. 

UNITS 

Supply Voltage Range (For = Full Package 

Temperature Range) 

3 

18 

V 


■ High degree of linearity: <0.5% distortion 
typ.@fis=l kHz, Vis = 5 Vp.p, 

Vdd-VsS > 10 V, Rl = 10 kl2 
B Extremely low off-state switch leakage 
resulting in very low offset current and 
high effective off-state resistance: 

100 pA typ. @ VdD” V ss=18 V, Ta= 250C 
B Extremely high control input impedance 
(control circuit isolated from signal circuit: 
1012 12 typ. 

B Low crosstalk between switches: 

-50 dB typ. @ fjs = 0.9 MHz, R l = 1 kl2 
B Matched control-input to signal-output 


MAXIMUM Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vqq) 

(Voltages referenced to Vgg Terminal) - 0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS 0.5 to Vqq +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT (INCLUDING TRANSMISSION GATE) ±10 mA 

POWER DISSIPATION PER PACKAGE (Pp); 

For - -40 to +60°C (PACKAGE TYPE E) ^ 500 mW 

For T^ = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 1 2 mW/' C to 200 mW 

For T^ = -55 to +100“ C (PACKAGE TYPES D, F, K) ^ 500 mW 

ForT;^ =+100 to +125“ C (PACKAGE TYPES D,F,K) . . . Derate Lmearly at 1 2 mW/ C to 200 mW 

DEVICE DISSIPATION PER TRANSMISSION GATE 


FOR Ty^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T^); 

PACKAGE TYPES D, F. K.H -55to+125°C 


capacitance: PACKAGE type E -40to+85^C 

Reduces output signal transients STORAGE temperature range (t^j ) -65 to +150 c 

B Frequency response, switch on = 40 MHz lead temperature (during SOLDERING) 

(tVD ) At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265 C 


B 100% tested for quiescent current at 20 V 


B Maximum control input current of 1 /iA 
at 18 V over full package temperature 
range; 100 nA at 18 V at 25^0 
B 5-V, 10-V, and 15-V parametric ratings 
Applications: 

B Analog signal switching/multiplexing 
Signal gating b Modulator 

Squelch control b Demodulator 

Chopper b Commutating switch 

B Digital signal switching/multiplexing 
■ CMOS logic implementation 
B Analog-to-digital & digital-to- 
analog conversion 

B Digital control of frequency, impedance, 
phase, and analog-signal gain 



5 7.5 10 12.9 19 

INPUT SIGNAL VOLTS (Vij) 

92CS-2T660 


Fig. 1— Typ. on-state characteristics for 1 of 4 
switches with Vqq=+15 V, V^^=0 V. 



4 6 8 10 

INPUT SIGNAL VOLTS (V,3) 


92CS- 27661 

Fig. 2— Typ. on-state characteristics for 1 of 4 
switches with Vqq = + 10 V, V^^ = 0 V. 
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CD4016B Types 


ELECTRICAL CHARACTERISTICS 


SUPPLY VOLTS :Voo» + 5; Vss’O 
AMBIENT TEMPERATURE (T^) >25*0 



LIMITS AT INDICATED 
TEMPERATURE (°C) 
Values at —55, +25, +125 







INPUT SIGNAL VOLTS (V|s) 

9aCS-2766J 

Fig. 4— Typ. on-state characteristics for 1 of 4 
switches with l/nn V, V'ec®-/; 


^C"Vdd=5V, Vss=-5V, 
Visip.p) =5 V (Sine wave 
centered on 0 V) R|_=1kn 



-50 dB 
Crosstalk 
Frequency 


Propagation 
Delay (Signal 
Input to Signal 
Output) tpd 

Capacitance; 
Input, Cjj 

Output, Cq 5 
Feedthrough, 
Cine 


RL = 200 kn 

Vc: Vss=GND 

Vjs = Square Wave 
0 to Vdd 
tr, tf = 20 ns 

Vdd = +5 V 

Vc = Vss = -5V 


OVi, 


INPUT SIGNAL VOLTS (V,s) mcs- 27665 

Fig. 6— Typ. on-state characteristics for 1 of 4 


switches with Vn 


= +2.5 V, Vcs = -2.5 V. 


104 


























CD4016B Types 


ELECTRICAL CHARACTERISTICS (confd) 


Characteristic 

Test Conditions 


LIMITS AT INDICATED 
TEMPERATURE (°C) 

Values at -55, +25, +125 Apply to 

D, F, K, H Packages 

Values at -40, +25, +85 Apply to 

U 

N 

1 

T 

S 


Vdd 

(V) 

E Package 


1 +25 

-55 

-40 

+85 

+125 

Typ. 

Max. 

Control (Vq) 


Control Input 
Low Voltage, 
V|LC (Max.) 

HisK IO/jA 

^is = Vss. Vos = Vqo 
and 

Vis = Vdd^ Vqs = Vss 

5,10, 

15 

0.9 

0.9 

0.4 

0.4 


0.7 

V 

Control Input 
High Voltage, 
"^IHC 

See Fig. 10 

5 

10 

15 

3.5 (Min.) 

7 (Min.) 

11 (Min.) 

V 

Input Current, 

■in (Max.) 

VdD “ Vss -18 V 

vcc^ Vdd - Vss 

18 

to.i 

±0.1 

±1 

±1 

±10-5 

±0.1 

/^A 

Crosstalk (Con- 
trol Input to 
Signal Output) 

Vc = 10 V (Sq. Wave) 
tr, tf = 20 ns 

RL= 10 kn 

10 

- 

- 

- 

- 

50 

— 

mV 

Turn-On 

Propagation 

Delay 

t|-, tf = 20 ns 

CL = 50pF 

RL = 1 kn 

5 

10 

15 

- 

- 

- 

- 

35 

20 

15 

70 

40 

30 

ns 

Maximum 

Control Input 
Repetition Rate 

Vis = vdd. vss = gnd, 
Rl_ = 1 kO to gnd, 

Cl = 50pF, 

Vc = 10 V (Square 
wave centered on 5 V) 
tr, tf = 20 ns, 

Vos = Vos @ 1 kHz 

10 

- 

- 

- 

- 

10 

- 

MHz 

Input 

Capacitance, 

C|N 



- 

- 

- 

- 

5 

7.5 

mf 


Vdd 

(V) 

Switch Input | 

Switch OutpjJt 
Vos (V) 

Vis 

(V) 

Ijs (mA) 

-55°C 

-40°C 

25°C* 

25°0 

+85°C 

+125°C 

Min. 

Max. 

5 

0 

0.25 

0.2 

0.2 

0.16 

0.12 

0.14 

- 

0.4 

5 

5 

-0.25 

-0.2 

-0.2 

-0.16 

-0.12 

-0.14 

4.6 

- 

10 

0 

0.62 

0.5 

0.5 

0.4 

0.3 

0.35 

- 

0.5 

10 

10 

-0.62 

-0.5 

-0.5 

-0.4 

-0.3 

-0.35 

9.5 

- 

15 

0 

1.8 

1.4 

1.5 

1.2 

1 

1.1 

- 

1.5 

15 

15 

-1.8 

-1.4 

-1.5 

-1.2 

-1 

-1.1 

13.5 

— 


* Plastic package ^ Ceramic package 


Vis 



CD40I6B 

Vos 
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INPUT SI6NAL VOLTS (V|sl 

92CS-2T6S6 

Fig. 7— Typ. on-state characteristics as a function of 
temp, for 1 of 4 switches with Vqq = +5 V, 
Vss = -5V. 


TPUT SIGNAL RMS MILLIVOLTS (Voj) 

SUPPLY VOLTS: V[)0" + 5, 
CONTROL VOLTS Wc)*- 
NPUT SIGNAL VOLTS IV, 
• LOAD CAPACITANCE (Cl)' 
FIXTURE AND METER Nl 
ci0S|rixTuRtl‘°«'‘'' 

vss- 

,)-5Vp 
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I 2 4 66 2 4 68 .2 4 68 ,2 4 66 . 

I 10 I02 I03 10^ 

INPUT SIGNAL FREQUENCY (f|,) kHi 


Fig. 8 — Typ. feedthru vs. frequency - switch 
off. 



92CS- 16080 

Fig. 9— Typical crosstalk between switch 
circuits in the same package. 



92CS-I60T0 


Fig. 1 0— Determination of r^^ as a test condition for control input 
high voltage specification. 


Fig. 11 — Typical frequency response 
— switch on. 
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CD4016B Types 


TYPICAL ON-STATE RESISTANCE CHARACTERISTICS, T^ = 250C 




SCALE: X = 0.2ms/DIV Y = 2.0 V/DIV 
VdD = Vc = +7.5V, Vss = -7.5V, Rl = lOKO 
Cl= 15pF 

f|S= 1 KHz Vis* 5Vpp 
DISTORTION = 0.2 % 

92CS-276I2 

Fig. 14 - Typical sine wave response of Vqq = 
+7.5 V, \/ss = -7.5 V. 



SCALE: X = 0.2 ms/DIV Y = 2.0 V/DIV 
VDD = Vc = +6 V, Vss = 5 V, Rl = lOKO 
Cl= 15 pF 

f|S= 1 KHz Vis* 5 Vpp 
DISTORTION = 0.4 % 

92CS- 27613 

Fig. 15 — Typical sine wave response of Vqq = 
■f-5 V, Vss = 



ALL UNUSED TERMINALS 
ARE CONNECTED TO Vss 


Fig. 12 — Off-state switch input or output 
leakage current test circuit. 



ALL UNUSED TERMINALS ARE 
CONNECTED TO Vss 

9ZCS-27668 


Fig. 13 — Test circuit for square-wave 
response. 



SCALE: X = 0.2 ms/DIV Y = 2.0 V/DIV 
VOD = Vc * +2.5V, Vss = -S BV, Rl = 10KS2 
Cl= 15pF 

f|S = 1 KHz V|S = 5V p p 
DISTORTION = 3 % 

92CS-276I4 

Fig. 16 — Typical sine wave response of Vqq = 
+2.5 V. Vss = -2.5 V. 



SCALE; X = lOOns/DIV 



92CS-276I5 

SCALE; X=100ns,DIV 

Y = 5.0VDIV 

SCALE: X=100ns/DIV 

Y = 2 V/DIV 


92CS-276I6 

92CS-276I7 

Fig. 17 - Typical square wave response at 

Vqq = Vq = +15 V, Vss ~ Gnd. 

Fig. 18 — Typical square wave response at Vqq = 

Vc = +10 V. Vss = Gnd. 

Fig. 19 — Typical square wave response at Vqq 
= Vc = +5 V, Vss = Gnd. 


106 












CD4016B Types 



(a) 

Fig. 20 — Crosstalk-control input to signal output. 


(b) 





SWITCH THRESHOLD VOLTAGE IS DEFINED 
AS THE VOLTAGE APPLIED TO A TRANS- 
MISSION GATE CONTROL WHICH CAUSES 
IO;»A OF TRANSMISSION GATE CURRENT. 


Fig. 22 - Max. control-input repetition rate. 


Fig.23 — Switch threshold voltage. 


VdD 



ALL UNUSED TERMINALS 
ARE CONNECTED TO Vss 


Fig. 21 — Propagation delay time signal input 
(V/s) to signal output (Vqs). 




Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10~^ inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4017B, CD4022B Types 

CMOS Counter/Dividers 


Features: 

■ Fully static operation 

■ Medium-speed operation . . . 

10 MHz (typ.)at Vqq = 10 V 

■ Standardized, symmetrical output 
characteristics 

■ 100% tested for quiescent current at 20 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 

■ Decade counter/decimal decode display 
(CD4017B) 

■ Binary counter/decoder 

■ Frequency division 

■ Counter control/timers 

■ Divide-by-N counting 

■ For further application information, 
see ICAN-6166 "COS/MOS MSI 
Counter and Register Design and 
Applications" 

ripple-clock the succeeding device in a multi- 
device counting chain. 

The CD401 7B and CD4022B-series types are 
supplied in 16-lead hermetic dual-in-line 
ceramic packages (D and F suffixes), 16- 
lead dual-in-line plastic package (E suffix), 

1 6-lead ceramic flat packages (K suffix), and 
in chip form (H suffix). 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges: 


CHARACTERISTICS 

VdD 

(V) 

LIMITS 

UNITS 


Min. 

Max. 

Supply-Voltage Range (For T/\ = Full Package- 





Temperature Range) 


3 

18 



5 

— 

2.5 


Clock Input Frequency, Iql 

10 

- 

5 

MHz 


15 

- 

5.5 



5 

200 

_ 


Clock Pulse Width, tyy 

10 

90 

- 

ns 


16 

60 

- 



5 




Clock Rise & Fall Time, t,.QL, tfQ|_ 

10 

UNLIMITED* 



15 





5 

230 

_ 


Clock Inhibit Setup Time, t^ 

10 

100 

- 

ns 


15 

70 

- 



5 

260 

- 


Reset Pulse Width, tpjyy 

10 

110 

- 

ns 


15 

60 

- 



5 

400 

- 


Reset Removal Time, t^g^p 

10 

280 

- 

ns 

15 

150 

- 



*Only if Pin 1 4 is used as the clock input. If Pin 1 3 is used as the clock input and Pin 14 is tied high (for advancing 
count on negative transition of the clock), rise and faii time shouid be < 15 /;s. 


High-Voltage Types (20-Volt Rating) 
CD4017B— Decade Counter with 
10 Decoded Outputs 
CD4022B-Octal Counter with 
8 Decoded Outputs 

The RCA-CD4017B and CD4022B are 5- 
stage and 4-stage Johnson counters having 
10 and 8 decoded outputs, respectively. 
Inputs include a CLOCK, a RESET, and a 
CLOCK INHIBIT signal. Schmitt trigger 
action in the CLOCK input circuit provides 
pulse shaping that allows unlimited clock 
input pulse rise and fall times. 

These counters are advanced one count at 
the positive clock signal transition if the 
CLOCK INHIBIT signal is low. Counter 
advancement via the clock line is inhibited 
when the CLOCK INHIBIT signal is high. 
A high RESET signal clears the counter to 
its zero count. Use of the Johnson counter 
configuration permits high-speed operation, 
2-input decode-gating and spike-free de- 
coded outputs. Anti-lock gating is provided, 
thus assuring proper counting sequence. The 
decoded outputs are normally low and go 
high only at their respective decoded time 
slot. Each decoded output remains high for 
one full clock cycle. A CARRY-OUT signal 
completes one cycle every 10 clock input 
cycles in the CD4017B or every 8 clock 
input cycles in the CD4022B and is used to 




CD4022B 

Functional Diagram 



TOP VIEW 
CD4017B 

TERMINAL DIAGRAM 



TOP VIEW 

NC - no connection 

CD4022B 

TERMINAL DIAGRAM 
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CD4017B, CD4022B Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vdd) 

(Voltages referenced to Vss Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq): 

For T^ = -40 to +60° C (PACKAGE TYPE E) 500 mW 

For T^ = +60 to +85° C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T^ = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

For T^ = +100 to +125° C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H -55to+125°C 

PACKAGE TYPE E -40 to +85° C 

STORAGE TEMPERATURE RANGE (Tstg) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16±1/32 inch (1.59±0.79 mm) from case for 10 s max +265°C 


ambient temperature (Ta)*25*C H u i ) M 1 1 1 1 1 ) t U U U 

.ipillli 


DRAIN-rO-SOURCE VOLTAGE (Vos)-V 

Fig. 5— Typical output low (sink) current 
characteristics. 


[AMBIENT TEMPERATURE (Ta)-25*C4 


^GATE- TO -SOURCE VOLTAGE (V6s)-l5V 


STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES fC) 
CONDITIONS Values at -55, +25, +125 Apply to D, F, K, H, Packages 




Output High 
(Source) 
Current, 


Output Voltage 
Low-Level, 


Output 

Voltage; 

High-Level 



-40 

±85 

+125 

5 

150 

150 

10 

300 

300 





■1 

EH 





1.5 


1.1 

0.9 

4 


2.8 

■a 

-0.61 

-0 

42 


-1.8 

- 

1.3 


-1.5 

- 



-4 

- 

2.8 



15 


5 
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OUTPUT HIGH (SOURCE) CURRENT(1ohI-i 



































































CD4017B, CD4022B Types 


''do 



Fig. 14 — Quiescent-device- 
curren t tes t circui t 



Fig. 17 — Dynamic power dissipation test circuit. 


Vss 




92CS-2744IRI 


Fig. 15 - input-leakage current. 



Fig. 18 - Divide by N counter (N ^ 10) with N 
decoded outputs. 


Fig. 16 — Input-voltage test circuit. 

When the decoded output is reached 
clock pulse) the S-R flip flop (con- 
structed from two NOR gates of the 
CD4001B) generates a reset pulse which 
clears the CD4017B or CD4022B to its zero 
count. At this time, if the decoded out- 
put is greater than or equal to 6 in the CD- 
401 7B or 5 in the CD4022B, the Cquj line 
goes high to clock the next CD4017B or CD- 
4022B counter section. The "0" decoded 
output also goes high at this time. Coinci- 
dence of the clock low and decoded "0" 
output low resets the S-R flip flop to enable 
the CD4017B or CD4022B. If the Nth de- 
coded output is less than 6 (CD4017B) or 5 
(CD4022B), the Cqut '^^t go high 

and, therefore, cannot be used. In this case 
"0" decoded output may be used to perform 
the clocking function for the next counter. 




(2.210-2.413) 


92CM-35062 


CD4017BH 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~^ inch). 


CD4022BH 

The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 


112 





CD4018B Types 


CMOS Presettable 
Divide-By-'N’ Counter 

High-Voltage Types (20-Volt Rating) 

The RCA-CD4018B types consist of 5 
Johnson-Counter stages, buffered Q outputs 
from each stage, and counter preset control 
gating. CLOCK, RESET, DATA, PRESET 
ENABLE, and 5 individual JAM inputs are 
provided. Divide by 10, 8, 6, 4, or 2 counter 
configurations can be implemented by 
feeding the Q5, Q4, Q3, Q2, 01 signals, 
respectively, back to the DATA input. 
Divide-by-9, 7, 5, or 3 counter configura- 
tions can be implemented by the use of a 
CD4011B to gate the feedback connection 
to the DATA input. Divide-by functions 
greater than 10 can be achieved by use of 
multiple CD4018B units. The counter is 
advanced one count at the positive clock- 
signal transition. Schmitt Trigger action on 
the clock line permits unlimited clock rise 
and fall times. A high RESET signal clears 
the counter to an all-zero condition. A high 
PRESET-ENABLE signal allows information 
on the JAM inputs to preset the counter. 
Anti-lock gating is provided to assure the 
proper counting sequence. 

The CD401 8B types are supplied in 1 6-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


Features: 

■ Medium speed operation 10 MHz (typ.) at 

Vdd-Vss = iov 

■ Fully static operation 

■ 100% tested for quiescent current at 20 V 

■ Standardized, symmetrical output characteristics 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Maximum input current of 1 juA at 18 V over full package- 
temperature range; 100 nA at 18 V and 25°C 

■ Noise margin (full package-temperature 

range) = 1 V at Vqq = 5 V 

2 Vat Vqq = 10 V 
2.5 Vat Vqq = 15 V 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 



Applications: 


■ Fixed and programmable divide-by-10, 9, 8, 
7, 6, 5, 4, 3, 2 counters 

■ Fixed and programmable counters greater 
than 10 


TERMINAL DIAGRAM 
Top View 



Programmable decade counters 
Divide-by-"N" counters/frequency 
synthesizers 
Frequency division 
Counter control/timers 


I 


MAXIMUM n/KimGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE. (V^p) 

(Voltages referenced to Vgg Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vpp +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pp): 

For T;^ = -40 to +60jc (PACKAGE TYPE E) 500 mW 

For T^ = +60 to +85 C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

ForTy^ =-55 to +100° C (PACKAGE TYPES D,F,K) 500 mW 

For T;^ = +100 to +125°C (PACKAGE TYPES D, F, K) . . . Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T^): 

PACKAGE TYPES D, F. K, H -55to+125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (Tj^ ) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 
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CD4018B Types 


RECOMMENDED OPERATING CONDITIONS at T^ = 25°C, Unless Otherwise Specified 

For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges. 


CHARACTERISTIC 

^DD 

Min. 

Max. 

UNITS 

Supply Voltage Range (at T^ = 

Full Package- 





Temperature Range) 



3 

18 

V 



5 

_ 

3 


Clock Input Frequency, 

^CL 

10 

- 

7 

MHz 



15 

- 

8.5 




5 

160 

- 


Clock Pulse Width, 

tw 

10 

70 

- 

ns 



15 

50 

- 




5 




Clock Rise & Fall Time, 

t^CL,tfCL 

10 

Unlimited 

ps 



15 






5 

40 

- 


Data Input Set-Up Time, 

ts 

10 

12 

- 

ns 



15 

16 

- 




5 

140 

- 


Data Input Hold Time, 

tH 

10 

80 

- 

ns 



15 

60 

- 




5 

160 



Preset or Reset Pulse Width, 

% 

10 

70 

- 

ns 


15 

50 

- 




5 

80 

- 


Preset or Reset Removal Time 


10 

30 

- 

ns 



15 

20 

- 




Fig. 1 — Logic diagram. 



Fig. 2 — Detail of a typical stage. 
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CD4018B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARAC- 

TERISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES Cc ) 
Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at —40, +25, +85 Apply to E Package 

u 

N 

1 

T 

S 

Vo 

(V) 

V|N 

(V) 

VpD 

(V) 

-55 

-40 

+85 

+125 

+25 

Min. 

Typ. 

Max. 

Quiescent 

Device 

Current, 

Iqq Max. 

- 

0,5 

5 

5 

5 

150 

150 

- 

0.04 

5 

iuA 

- 

0,10 

10 

10 

10 

300 

300 

- 

0.04 

10 

- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 

- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

Output Low 
(Sink) Current 
IqI_ Min. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 

Output High 
(Source) 
Current, 

'oh 

4.6 

0,5 

5 

- 0.64 

- 0.61 

- 0.42 

- 0.36 

- 0.51 

-1 

- 

2.5 

0.5 

5 

-2 

- 1.8 

- 1.3 

- 1.15 

- 1.6 

- 3.2 

- 

9.5 

0,10 

10 

- 1.6 

- 1.5 

- 1.1 

- 0.9 

- 1.3 

- 2.6 

- 

13.5 

0,15 

15 

- 4.2 

-4 

- 2.8 

- 2.4 

- 3.4 

- 6.8 

- 

Output Voltage: 
Low-Level, 

Vql I^^x. 

- 

0,5 

5 

0.05 

- 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output 

Voltage: 

High-Level, 

Vqh 

- 

0,5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage 

V|L Max. 

0 . 5 , 4.5 

- 

5 

1.5 

- 

- 

1.5 

V 

1,9 

- 

10 

3 

- 

- 

3 

1 . 5 , 13.5 

- 

15 

4 

- 

- 

4 

Input High 
Voltage, 

V| Min. 

0 . 5 , 4.5 

- 

5 

3.5 

3.5 

- 

- 

1,9 

- 

10 

7 

7 

- 

- 

1 . 5 , 13.5 

- 

15 

11 

11 

- 

- 

Input Current 
l||V] Max. 

- 

0,18 

18 

± 0.1 

± 0.1 

±1 

±1 

- 

± 10-5 

± 0.1 

ma 



Fig. 3 — Typical output low (sink) current 
characteristics. 



Fig. 4 — Minimum output low (sink) current 
characteristics. 
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Fig. 5 — Typical output high (source) current 
characteristics. 


DRAIN-TO-SOURCE VOLTAGE (Vqs)— V 



Fig. 6 — Minimum output high (source) current 


characteristics. 
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LOAD CAPACITANCE (Cl)— pF 92cs-24j2i 

Fig. 7 — Typical transition time as a function of 
toad capacitance. 



Fig. 8 - Typical propagation delay time ^ 
function of load capacitance 
(CLOCK to Q). 






CD4018B Types 


DYNAMIC ELECTRICAL CHARATERISTICS at = 25°C, Input t^tf = 20 ns, 
Cl = 50pF, Rl = 200 kQ 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 



Vdd (V) 

Min. 

Typ. 

Max. 


CLOCKED OPERATION 

Propagation Delay Time; 

^PLH' tPHL 


5 

- 

200 

400 



10 

- 

90 

180 

ns 


15 

- 

65 

130 


Transition Time; 

^THL'^TLH 


5 

- 

100 

200 



10 

- 

50 

100 

ns 


15 

- 

40 

80 


Maximum Clock Input 
Frequency, fQ|_ 


5 

3 

6 

- 



10 

7 

14 

- 

MHz 


15 

8.5 

17 

- 


Minimum Clock Pulse Width, 

% 


5 

- 

80 

160 



10 

- 

35 

70 

ns 


15 

- 

25 

50 


Clock Rise & Fall Time; 
trCL,tfCL 


5 






10 

Unlimited 

US 


15 





Minimum Data Input Set-Up 
Time. ts 


5 

- 

20 

40 



10 

- 

6 

12 

ns 


15 

~ 

3 

6 


Minimum Data Input Hold 
Time, t|^ 


5 

- 

70 

140 



10 

- 

40 

80 

ns 


15 

_ 

30 

60 


Average Input Capacitance, C| 

Any Input 

- 

5 

7.5 

pF 

PRESET* OR RESET OPERATION 

Propagation Delay Time; 


5 

- 

275 

550 


Preset or Reset to Q 


10 

- 

125 

250 

ns 

^PLH' tpHL 


15 

- 

90 

180 


Minimum Preset or Reset 


5 

_ 

80 

160 


Pulse Width, 


10 

- 

35 

70 

ns 

tw 


15 

- 

25 

50 


Minimum Preset or Reset 


5 

- 

40 

80 


Removal Time 


10 

- 

15 

30 

ns 



15 



- 

10 

20 



* At PRESET ENABLE or JAM Inputs. 


AMBIENT TEMPERATURE (Ta)*25*C 



0 20 4 0 60 80 lOO 

LOAD CAPACITANCE (CJ-pF 92CS-29849 

Fig. 9 — Typical propagation delay time as a 
function of load capacitance 
(RESET to Q). 



Fig. 10 - Typical dynamic power dissipation 


as a function of dock input 
frequency. 


'^00 



Fig. 11 — Quiescent device 
current test circuit. 





NOTE. 

v'ce TEST ANY COMBINATION 

OF INPUTS 

9ZCS-2r44IRI 



Fig. 12 - Input voltage test circuit. 


Fig. 13 — Input current test circuit. 


500 
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CD4018B Types 


(‘•DATA’ 

CLOCK 

RESET 

PRESET 

Jam] 

Jam2 

jQm3 

Jam^ 

Jams 

Qi 

02 

03 

04 

05 


INPUT TIED TO Q5 FOR DECADE COUNTER CONFIGURATION) 


hJ 






> DON'T CARE UNTIL PRESET" GOES HIGH| 


m 








92SS-4I48R2 


EXTERNAL CONNECTIONS FOR DIVIDE 
BY IQ, 9, 6, 7, 6, 5, 4, 3 OPERATION 

DIVIDE BY ID 
DIVIDE BY 8 
DIVIDE BY 6 
DIVIDE BY 4 
DIVIDE BY 2 


CONNECTED BACK TO "DATA" 
(SKIPS "ALL-I’s" STATE) 


DIVIDE BY 9 

I/2 CD40IIB 



CONNECTED 
BACK TO 

"data" 


NO EXTERNAL 
COMPONENTS 
REQUIRED 


DIVIDE BY 7 

I/2 CD40IIB 



DIVIDE BY 5 

I/2 CD40IIB 



CONNECTED BACK TO "DATA" 
(SKIPS "ALL- I’s" STATE) 




DIVIDE BY 3 

I/2 CD40IIB 



CONNECTED BACK TO "DATA" 
(SKIPS "ALL-rs" STATE) 


92CS-I707IR3 


Fig. 15— Timing diagram. 


Fig. 16— External connections for divide by 10,9, 
8, 7, 5, 4, 3, 2 operation. 



77-85 

( 1.956-2.159) 


92CM- 29853 


Dimensions and pad layout for CD4018B, 


Fig. 17 — Example of divide by 7. 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (1 0~^ inch). 
The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightfy from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to -f-T6 mils applicable to the nominal 
dimensions shown. 
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CD4019B Types 

CMOS Quad 
AND/OR Select Gate 

High-Voltage Types (20-Volt Rating) 

The RCA-CD4019B types consist of four 
AND/OR select gate configurations, each 
consisting of two 2-input AND gates driving 
a single 2-input OR gate. Selection is ac- 
complished by control bits Ka and Kb. In 
addition to selection of either channel A or 
channel B information, the control bits can 
be applied simultaneously to accomplish 
the logical A + B function. 

The CD4019B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vdd) 

(Voltages referenced to Vss Terminal) -0.5 to ■t-20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0-5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pp): 

For Ta = -40 to +60^ C (PACKAGE TYPE E) 500 mW 


Features: 

■ Medium-speed operation 

• • • *PHL *PLH “ = 50 pF, Vqq = 10 V 

■ Standardized, symmetrical output characteristics 

■ 100% tested for quiescent current at 20 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tentative Standard 
No. 13A, "Standard Specifications for Description of 'B' 
Series CMOS Devices" 

■ Maximum input current of 1 /uA at 18 V 
over full package-temperature range; 100 
nAatlS Vand250C 

■ Noise margin (full package-temperature 

range) = 1 V at Vpp = 5 V 

2 Vat Vdd = 'I0 V 
2.5 Vat Vdd = '>5 V 




X = Don't Care 


.. *A3 riv- 

I — Vdd 

i 

q_LvVV 0- 

jr ( 0 — 

b ' ^ Vgg ^Al (s)— 

X- INPUTS PROTECTED 

BY CMOS PROTECTION x- n, rTV— 
NETWORK Ll/ 


TO 3 MORE _(12) 
4 t SIMILAR 
’ » CIRCUITS. 



Kq Kb VdO 

9 14 |I6 

A^'5 




84-^ 



, r 

1 |D„MA^Ko)*(B4Kb) 

®2-5 

j [ 


' ’ 


CD4019B 

FUNCTIONAL DIAGRAM 


For T^ = -t-eo to +85“ C (PACKAGE TYPE E) Derate Linearly at 12 mW/“C to 200 mW 

For T^ = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

For T^ = +100 to +125“C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/“C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR; 

For T^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H -55to+125“C 

PACKAGE TYPE E -40to+85“C 

STORAGE TEMPERATURE RANGE (Tgtg) -65to+150“C 

LEAD TEMPERATURE (DURING SOLDERING); 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265“C 

TRUTH TABLE 


Applications: 

■ AND-OR select gating 

■ Shift-right/shift-left registers 

■ True/compiement selection 

■ AND/OR/Exclusive-OR selection 


TERMINAL DIAGRAM 
Top View 



D4*A4 Ko+B4Kb 
D3>A3 Ka+B3Kb 
D2«A2Ka + B2Kb 
DI'AIKa^BI Kb 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating 
conditions should be selected so that operation 
is always within the following ranges: 


CHARACTERISTIC 

Vdd 

(V) 

Min. 

Max. 

Units 

Supply-Voltage Range 
(For Ta ^ Full Package 
Temperature Range) 

_ 

3 

18 

V 


Fig. 1— Logic diagram. 








CD4019B Types 


STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (°C) 
CON D I Tl ONS Values at -55, +25, +1 25 Apply to D, F, K, H Packages 

I CHARAC- Values at -40, +25, +85 Apply to E Package 


I AMBIENT TEMPERATURE (Ta)»29*CH 


jGATE-TO-SOURCE VOLTAGE (Vgs»*I5 V 4 





LOAD CAPACITANCE (Cl)— pF 


LOAD CAPACITANCE (Cl)-pF 


Fig. 5 — Minimum output high (source) current 
characteristics. 


Fig. 6 — Typical transition time as a function of 
load capacitance. 


Fig. 7 — Propagation delay time as a function 
of load capacitance. 
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CD4019B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T^ = 25®C, Input ^ tf = 20 ns. Cl = 50 pF, 

Rl=200 kQ, 


g AMBIENT TEMPERATURE (Ta)-25*C7 


CHARACTERISTIC 


Propagation Delay Time; 
'PLH-‘PHL 


Transition Time; 
tTHL' ^TLH 

Input Capacitance, C||yj 


TEST 

CONDITIONS 



Vdd 

(V) 

Min. 

Typ. 

Max. 



5 

- 

150 

300 



10 

- 

' 60 

120 

ns 


15 

- 

! 50 

100 



5 

- 

100 

200 



10 

- 

50 

100 

ns 


15 

- 

40 

80 


All A and B 

Inputs 

- 

5 

7.5 

pF 

Kg and Kb 

Inputs 

- 

10 

15 

pF 




2 4 e#l 2 4 S8f ,2 4 6 81 2 4 6 0' 

I 10* lO’ 10^, 10* 

INPUT FREQUENCY (f|N)-hHl 

9208-29684 


Fig. 8 — Typical dynamic power dissipation 
as a function of input frequency. 



►^jl— V qo “s 

JXo ImF vss 




Voo 

MD* 

Vss 


NOTE- 

TEST ANY COMBINATION 
OF INPUTS 


NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH Vot) AND Vss- 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vdo«Vss- 


Fig. 9 — Dynamic power dissipation 
test circuit. 


Fig. 10 — Quiescent device Fig. 11 — Input voltage test circuit. Fig. 12 — Input current test circuit, 
current test circuit. 


TYPICAL APPLICATIONS 


Im Bii 


|CD4qi3^ bRjauivJj icD4qi3BlOR_EauivJj 


_ 

OUT OUT 


(Kb) 

■ SELECT 
"B" REGISTER 



Fig. 13 - AND/OR select gating. 


Fig. 14— "Shift left /shift right” register. 








CD4019B Types 


TYPICAL APPLICATIONS (CONT'D) 



(Ko) 

TRUE 

SELECT 




Fig. 15 — AND/OR Exclusive-OR selector. 


Fig. 16— “True complement" selector. 



92CS-36092 


Dimensions and pad layout for CD4019BH 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~^ inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should considers tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4020B, CD4024B, CD4040B Types 


CMOS Ripple-Carry 
Binary Counter/Dividers 

High-Voltage Types (20-Volt Rating) 

CD4020B- 14 Stage 
CD4024B- 7 Stage 
CD4040B- 12 Stage 

RCA-CD4020B, CD4024B, and CD4040B 
are ripple-carry binary counters. All counter 
stages are master-slave flip-flops. The state 
of a counter advances one count on the 
negative transition of each input pulse; a high 
level on the RESET line resets the counter to 
its all zeros state. Schmitt trigger action on 
the input-pulse line permits unlimited rise 
and fall times. All inputs and outputs 
are buffered. 


Features: 

■ Medium-speed operation 

■ Fully static operation 

■ Buffered inputs and outputs 

■ 100% tested for quiescent current at 20 V 

■ Standardized, symmetrical output characteristics 

■ Fully static operation 

■ Common reset 

■ 5-V, 10- V, and 15-V parametric ratings 

■ Maximum Input current of 1 juA at 18 V 
over full package-temperature range; 

100 nA at 18 V and 25°C 

■ Noise margin (over full package-tempera- 
ture range): 1 VatVDD = 5V 

2 Vat Vdd= 10 V 
2.5 Vat Vdp = 15 V 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 


The CD4020B and CD4040B types are 
supplied in 16-lead hermetic dual-in-line 
ceramic packages (D and F suffixes), 16-lead 
dual-in-line plastic packages (E suffix), 16- 
lead ceramic flat packages (K suffix), and in 
chip form (H suffix). 

The CD4024B types are supplied in 14-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


Applications: 

■ Control counters ■ Frequency dividers 

■ Timers ■ Time-delay circuits 


MAXIMUM HKMXHQS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vqq) 

(Voltages referenced to Vss Terminal) -0.5 to ■^20 V 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to VpD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq): 

For Ta = ~40 to -^60Oc (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +850C (PACKAGE TYPE E) Derate Linearly at 12 mW/^C to 200 mW 

For Ta = -55 to +100“ C (PACKAGE TYPES D, F. K) 500 mW 

For Ta = +100 to -i-125°C (PACKAGE TYPES D,F,K) . . . Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = full PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H -55 to +1 25^0 

PACKAGE TYPE E -40 to +850C 

STORAGE TEMPERATURE RANGE (Tstg) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 


TERMINAL ASSIGNMENTS 


CD4020B 



TOP VIEW 

92CS-24462RI 


CD4024B 

reset — 2 13 —NC 

07— 3 12 —01 

06 — 4 II — 02 

05 — 5 10 — NC 

04 — 6 9 — 03 

'^SS— ^ 8 — NC 

TOP VIEW 
NC* NO CONNECTION 

92CS-24466RI 


CD4040B 



TOP VIEW 


92CS-20747R2 
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CD4020B, CD4024B, CD4040B Types 


RECOMMENDED OPERATING CONDITIONS at T;^ = 25°C, Unless Otherwise Specified 


For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges: 


CHARACTERISTIC | 

Q 

Q 

> 

Min. 

Max. 

UNITS 

Supply Voltage Range (at = 

Full Package- 





Temperature Range) 



3 

18 

V 



5 

- 

3.5 


Input-Pulse Frequency, 


10 

- 

8 

MHz 


15 

- 

12 




5 

140 

- 


Input-Pulse Width, 

tw 

10 

60 

- 

ns 



15 

40 

- 






■■■ 


Input-Pulse Rise or Fall Time, 








BHI^B 




HEI 



mm 

Reset Pulse Width, 

% 


KB 






K^H 

mu 





mm 

m 

Reset Removal Time, 

tREM 








■BiiM 


mu 




Fig. 2 - Logic diagram for CD4024B. 





Fig. 5 - Typical output low (sink) current 
characteristics. 



Fig. 6 - Minimum output low (sink) current 
characteristics. 


DRAIN-TO-SOURCE VOLTAGE (Vos)— V 
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Fig. 7 — Typical output high (source) current 
characteristics. 
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CD4020B, CD4024B, CD4040B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER. 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (^C) 
Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at -40, +25, +85 Apply to E Package 

UNITS 

Vo 

(V) 

V|N 

(V) 

VdD 

(V) 

1 

+25 


B1 

+85 



Typ. 

12231 

Quiescent Device 
Current, 

IDD Max. 

- 

KHI 

5 

5 


150 

■Bl 

HE 


5 

AtA 

- 

ESQ 

■El 

■El 

■El 



lEH 

EESi 

191 

- 

ESQ 

■a 




i99i 

BSBI 

EES 

lEli 

- 

EEa 



B9I 

Effli 

ESQ 

BS 


19 

Output Low 
(Sink) Current 
IqL Min. 

0.4 

BSHI 

Kl 


BOB 

■SfQI 

ESS 

191 


BBI 


0.5 

inBi 

■El 

■a 

wm 

m 

i^i 

■a 

[Q9 

BB' 

1.5 


wm 

■a 

4 

mm 

d 

EZl 

6.8 

BBI 

Output High 
(Source) 
Current, 

• oh M'fi- 

4.6 


5 



-0.42 



-1 

BB 

2.5 

mm 

5 


BH 

BB 


bb 

IQ9 

Bl 

9.5 

QQ 

■El 

bq 

BEI 

bb 

BEBI 

BB 

-2.6 

BB 



■a 

ea 


BB 

IBI 

BB 

-6.8 

IBI 

Output Voltage: 
Low-Level, 

VoL Max. 

- 

mm 

5 

0.05 

- 

0 

BB 



BIH 

■El 

0.05 

- 

0 

IB3 

- 

Eta 

■a 

0.05 

- 

0 

QQH 

Output Voltage: 
High-Level, 

Vqh 

- 

WBjm 

m 

4.95 


5 

- 

- 

fifcni 

■El 

9.95 

ES9 

beb 

- 

- 

BS 

■a 

14.95 

IEE3 

BBI 

3Bi 

Input Low 
Voltage, 

V|L Max. 


11^9 

5 

1.5 


- 

■B 

1 

1, 9 

- 

■El 

3 

- 

— 

3 

1.5,13.5 

- 

m 

4 

- 

- 

4 

Input High 
Voltage, 

V|H Min. 


- 

in 

3.5 

njyn 

- 

- 

1.9 

_ 

10 

7 

7 

— 

— 

1.5,13.5 

- 

15 

11 

11 

- 

- 

Input Current 
l|rsj Max. 

- 

0,18 

18 

1 ±0.1 

±0.1 

±1 

±1 

- 

±10-5 

±0.1 

JuA 


ORAIN-TO-SOURCE VOLTAGE (Vds)— V 



Fig. 8 — Minimum output high (source) current 
characteristics. 



Fig. 9 — Typical transition time as a function of 
load capacitance. 




Dimensions and Pad Layout for CD4024BH. 


Dimensions and Pad Layout for CD4020BH. Dimensions and 
pad layout for CD4040BH are identical. 

Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~^ inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4020B, CD4024B, CD4040B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T^ = 250C, Input t^, tf = 20 ns, 
Cl = 50pF. Rl= 200 ka 




LIMITS 


CHARACTERISTIC 

TEST 

CONDITIONS 

VdD 

(V) 

Min. 

Typ. 

Max. 

UNITS 

Input-Pulse Operation 

Propagation Delay Time, 0 to 
Ql Out; tpHL.tpLH 



- 

180 

360 



10 

- 

80 ' 

160 

ns 


15 

- 

65 

130 


QntoQn-H; 

‘PHL- <PLH 


5 

- 

100 

200 



10 

- 

40 

80 

ns 


15 

- 

30 

60 


Transition Time, 

^THL' ^TLH 


5 

- 

100 

200 



10 

- 

50 

100 

ns 


15 

- 

40 

80 


Minimum Input-Pulse 

Width, tyy 


5 

- 

70 

140 



10 

- 

30 

60 

ns 


15 

- 

20 

40 




5 





Input-Pulse Rise or Fall 


10 

Unlimited 


MS 

Time, tj.0, t.f0 


15 





Maximum Input-Pulse 
Frequency, f0 


5 

3.5 

7 

- 



10 

8 

16 

- 

MHz 


15 

12 

24 

- 


Input Capacitance, C| 

Any Input 

- 

5 

7.5 

pF 

1 Reset Operation | 

Propagation Delay 

Time, tp|^ ^ 


5 

- 

140 

280 



10 

- 

60 

120 

ns 


15 

- 

50 

100 


Minimum Reset Pulse 

Width, tyy 


5 

- 

100 

200 



10 

- 

40 

80 

ns 


15 

- 

30 

60 


Reset Removal Time, 
tREM 




5 

- 

175 

350 



10 

- 

75 

150 

ns 


15 

- 

50 

100 




function of load capacitance 
((l)to Qjl. 



Fig. 11 — Typical dynamic power dissipation as a 
function of input pulse frequency for 
CD4020B. 



Fig. 12 — Dynamic power dissipation test circuit 
for CD4020B. 






Vss 


NOTE- 

TEST ANY COMBINATION 
OF INPUTS 



Fig. 13 — Quiescent device 


current test circuit. 


Fig. 14 — Input voltage test circuits. 


Fig. 15 — Input current test circuit. 





CD4026B, CD4033B Types 


CMOS 

Decade Counters/Dividers 

High-Voltage Types {20-Volt Rating) 

With Decoded 7-Segment Display Outputs and 
Display Enable — CD4026B 
Ripple Blanking — CD4033B 


The RCA-CD4026B and CD4033B each con- 
sist of a 5-stage Johnson decade counter 
and an output decoder which converts the 
Johnson code to a 7-segment decoded out- 
put for driving one stage in a numerical 
display. 

These devices are particularly advantageous 
in display applications where low power 
dissipation and/or low package count are 
important. 

Inputs common to both types are CLOCK, 
RESET, & CLOCK INHIBIT; common 
outputs are CARRY OUT and the seven 
decoded outputs (a, b, c, d, e, f, g). Addi- 
tional inputs and outputs for the CD4026B 
include DISPLAY ENABLE input and 
DISPLAY ENABLE and UNGATED "C- 
SEGMENT" outputs. Signals peculiar to the 
CD4033B are RIPPLE-BLANKING INPUT 
AND LAMP TEST INPUT and a RIPPLE- 
BLANKING OUTPUT. 

A high RESET signal clears the decade 
counter to its zero count. The counter is 
advanced one count at the positive clock 
signal transition if the CLOCK INHIBIT 
signal is low. Counter advancement via the 
clock line is inhibited when the CLOCK 
INHIBIT signal is high. The CLOCK INHI- 
BIT signal can be used as a negative-edge 
clock if the clock line is held high. Antilock 
gating is provided on the JOHNSON counter, 
thus assuring proper counting sequence. The 
CARRY-OUT (Cq^^) signal completes one 
cycle every ten CLOCK INPUT cycles and 
is used Yo clock the succeeding decade di- 
rectly in a multi-decade counting chain. 
The seven decoded outputs (a, b, c, d, e, f, g) 
illuminate the proper segments in a seven 


Features: 

■ Counter and 7-segment decoding in one package 

■ Easily interfaced with 7-segment display types 

■ Fully static counter operation: DC to 6 MHz (typ.) 
at Vp0=1O V 

■ Ideal for low-power displays 

■ Display enable output (CD4026B) 

■ “Ripple blanking" and lamp test (CD4033B) 

■ 100% tested for quiescent current at 20 V 

■ Standardized, symmetrical output 

characteristics 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Schmitt-triggered clock inputs 

■ Meets all requirements of JED EC Tentative 
Standard No.13A, “Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications 

■ Decade counting 7-segment decimal 
display 

■ Frequency division 7-segment decimal 
displays 

■ Clocks, watches, timers 

(e.g. ^60, 60, 12 counter/display) 

■ Counter/display driver for meter 
applications 



CD4026B 

FUNCTIONAL DIAGRAM 



CD4033B 

FUNCTIONAL DIAGRAM 


segment display device used for representing 
the decihial numbers 0 to 9. The 7-segment 
outputs go high on selection in the CD4033B; 
in the CD4026B these outputs go hi^h only 
when the DISPLAY ENABLE IN is high. 


TERMINAL DIAGRAMS 
Top View 


CLOCK INHIBIT 
DISPLAY ENABLE IN 
DISPLAY ENABLE OUT 
CARRY OUT 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vdd) 

(Voltages referenced to V3S Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vdd +0-5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pp): 

For T^ = -40 to +60° C (PACKAGE TYPE E) 500 mW 

For T^ = +60 to +85° C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T^ = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

For T^ = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For T^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T^): 

PACKAGE TYPES D, F, K, H -55 to +125° C 

PACKAGE TYPE E -40 to +85° C 

STORAGE TEMPERATURE RANGE (Tstg) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 



Top View 


RIPPLE BLANKING IN 
RIPPLE BLANKING OUT 
CARRY OUT 









CD4026B, CD4033B Types 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that operation is 
always within the following ranges: 


CHARACTERISTIC 

Vdd 

LIMITS 

UNITS 


(V) 

MIN. 

MAX. 

Supply-Voltage Range (For T^ = Full Package 





Temperature Range) 


3 

18 

V 

Clock Input Frequency, f^^ 

5 

- 

2.5 



10 

- 

5.5 

MHz 


15 

_ 

8 


Clock Pulse Width, ty\^(_ 

5 

220 

_ 



10 

100 

- 



15 

80 

- 


Clock Rise and Fall Time, t^CL' ^fCL 

5 

_ 




10 

- 

Unlimited 



15 

_ 



Clock Inhibit Set Up Time, t5u 

5 

200 

_ 



10 

50 

- 

ns 


15 

30 

— 


Reset Pulse Width, tyy 

5 

200 

_ 



10 

100 

- 



15 

50 

— 


Reset Removal Time 

5 

30 

_ 



10 

15 

- 



15 

10 

- 



STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES i^C) 
Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at —40, +25, +85 Apply to E Package 

UNITS 

Vo 

(V) 

V|N 

(V) 

Vdd 

(V) 

1 

+25 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 

Quiescent Device 
Current, 

IDD Max. 

- 

0,5 

5 

5 

5 

150 

150 

- 

0.04 

5 

pA 

- 

0,10 

10 

10 

10 

300 

300 

- 

0.04 

10 

- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 

- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

Output Low 
(Sink) Current 
Iql Min. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 

Output High 
(Source) 

Current, 

IqH Min. 

4.6 

0.5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Voltage: 
Low-Level, 

Vql Max. 

- 

0,5 

5 

0.05 

- 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output Voltage: 
High-Level, 

Vqh Min. 

- 

0,5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage, 

V|i_ Max. 

0.5, 4.5 

- 

5 

1.5 

— 

- 

1.5 

V 

1, 9 

- 

10 

3 

- 

— 

3 

1.5,13.5 

- 

15 

4 

- 

- 

4 

Input High 
Voltage, 

V|H Min. 

0.5, 4.5 

- 

5 

3.5 

3.5 

- 

- 

1, 9 

- 

10 

7 

7 

- 

— 

1.5,13.5 

- 

1 

11 

11 

- 

- 

Input Current 
l|N Max. 

- 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10-5 

±0.1 

pA 


CD4026B 

When the DISPLAY ENABLE IN is low the 
seven decoded outputs are forced low re- 
gardless of the state of the counter. Acti- 
vation of the display only when required 
results in significant power savings. This 
system also facilitates implementation of 
display-charaqter multiplexing. 

The CARRY OUT and UNGATED "C- 
SEGMENT" signals are not gated by the 
DISPLAY ENABLE and therefore are avail- 
able continuously. This feature is a re- 
quirement in implementation of certain di- 
vider functions such as divide-by-60 and 
divide-by-12. 

CD4033B 

The CD4033B has provisions for automatic 
blanking of the non-significant zeros in a 
multi-digit decimal number which results in 
an easily readable display consistent with 
normal writing practice. For example, the 
number 0050.0700 in an eight digit display 
would be displayed as 50.07. Zero suppres- 
sion on the integer side is obtained by con- 
necting the RBI terminal of the CD4033B 
associated with the most significant digit in 
the display to a low-level voltage and con- 
necting the RBO terminal of that stage to 
the RBI terminal of the CD4033B in the 
next-lower significant position in the dis- 
play. This procedure is continued for each 
succeeding CD4033B on the integer side of 
the display. 

On the fraction side of the display the RBI 
of the CD4033B associated with the least 
significant bit is connected to a low-level 
voltage and the RBO of that CD4033B is 
connected to the RBI terminal of the 
CD4033B in the next more-significant-bit 
position. Again, this procedure is continued 
for all CD4033B's on the fraction side of the 
display. 

In a purely fractional number the zero 
immediately preceding the decimal point can 
be displayed by connecting the RBI of that 
stage to a high level voltage (instead of to the 
RBO of the next more-significant-stage). 
For example: optional zero 0.7346. 
Likewise, the zero in a number such as 763.0 
can be displayed by connecting the RBI of 
the CD4033B associated with it to a high- 
level voltage. 

Ripple blanking of non-significant zeros 
provides an appreciable savings in display 
power. 

The CD4033B has a LAMP TEST input 
which, when connected to a high-level volt- 
age, overrides normal decoder operation and 
enables a check to be made on possible 
display malfunctions by putting the seven 
outputs in the high state. 

The CD4026B- and CD4033B-series types 
aresupplied in 16-lead hermetic dual-in-line 
ceramic packages (D and F suffixes), 16- 
lead dual-in-line plastic packages (E suffix), 
16-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 
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CD4026B, CD4033B Types 



DRAIN-TO-SOURCE VOLTAGE (Vos)—V 



Fig. 6 — Typical n-channel output low (sink) 
current characteristics. 


Fig. 7 — Minimum n-channel output low (sink) 
current characteristics. 


Fig. 8 — Typical p-channel output high (source) 
current characteristics. 
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CD4026B, CD4033B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS af T^=25°C, Input tf = 20ns, 
Ci_=50pF, Ri_ = 200ka 


CHARACTERISTIC 

TEST 

CONDITIONS 


LIMITS 

UNITS 


VdD 

(V) 

Min. 

Typ. 

Max. 

CLOCKED OPERATION 1 

Propagation Delay Time; tpLH' ^PHL 

Carry-Out Line 


5 

_ 

250 

500 

ns 

10 

- 

100 

200 

15 

- 

75 

150 

Decode Outlines 


5 

_ 

350 

700 

10 

- 

125 

250 

15 

- 

90 

180 

Transition Time; ^THL' ^TLH 

Carry-Out Line 


5 

_ 

100 

200 

10 

- 

50 

100 

15 

- 

25 

50 

Maximum Clock Input Frequency, fQ|_^ 


5 

2.5 

5 

- 

MHz 

10 

5.5 

11 

- 

15 

8 

16 

— 

Min. Clock Pulse Width, 


5 

_ 

no 

220 

ns 

10 

— 

50 

100 

15 

- 

40 

80 

Clock and Clock Inhibit Rise or Fall Time; 

*rCL' tfCL 


5 

Unlimited 

10 

15 

Average Input Capacitance, C|(^ 

Any Input 

- 

5 

7 

pF 

RESET OPERATION 

Propagation Delay Time; 

To Carry-Out Line, ^PLH 


5 

_ 

275 

550 

ns 

10 

- 

120 

240 

15 

— 

80 

160 

To Decode Out Lines, tpHL' ^PLH 


5 

— 

300 

600 

10 

- 

125 

250 

15 

_ 

90 

180 

Min. Reset Pulse Width, % 


5 

- 

100 

120 

10 

- 

50 

100 

15 

_ 

25 

50 

Min. Reset Removal Time 


5 

- 

0 

30 

10 

- 

0 

15 

15 

- 

0 

10 


*■ Measured with respect to carry-out line. 


DRAIN-TO-SOURCE VOLTAGE (Vds)— V 



Fig. 9 — Minimum p-channel output high (source) 
current characteristics. 



Fig. 10 — Typical propagation delay time as a 
function of load capacitance for 
decoded outputs. 




Fig. 11 — Typical propagation delay time as a 
function of load capacitance for 
carry-out outputs. 



Fig. 12 — Typical maximum dock input-frequency 
as a function of supply voltage. 
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TYPICAL DYNAMIC POWER DISSIPATION (P[))— 


CD4026B, CD4033B Types 



CLOCK INPUT- FREQUENCY 92CS-3I70I 

Fig. 13 — Typical power dissipation as a function 
of clock input frequency. 


Vdd 



92CS- 31702 

Fig. 14 — Dynamic power dissipation test circuit 
for CD4033B. 





Vce TEST ANY COMBINATION 

OF INPUTS 

92CS-2744IRI 

Fig. 16 — Input voltage. 



Fig. 17 — Input current. 



Dimensions and pad layout for CD4026B. 

Dimensions in parentheses are in millimeters and 
are derived from the basic mch dimensions as in- 
dicated. Grid graduations are in mils ( 1 inch). 



Dimensions and pad layout for CD4033B. 

The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therelore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +76 mils applicable to the nominal 
dimensions shown. 
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CD4026B, CD4033B Types 


INTERFACING THE CD4026B AND CD4033B WITH COMMERCIALLY AVAILABLE 
7-SEGMENT DISPLAY DEVICES* 

(Refer to RCA Application Note iCAN-6733 for detailed interfacing information) 



LOW-POWER INCANDESCENT READOUTS 

PINLITES INC-Series O and R 
TUBE REQUIREMENTS V^(V) mA/Segment 
0-03-16 1.5 8 

0-04-30 3 8 

0-06-30 3 8 

R-R3-20 2 4.3 

R-R4-30 3 4.3 


ASSUMED 
TRANSISTOR 
CHARACTERISTICS 
/Jdi (min.)> 30 
VcE(sot.)< 0.5V 

Vcc > 3.5 V (min.) 

Ig i 0.25 mA (min.) 
Ij 6 7.5 mA (min.) 



* The interfacing buffers shown, while a necessity with the CD4026A and CD4033A, are not required when 
using the "B" devices; the "B" outputs 10 times the "A" outputs) can drive most display devices 
directly especially at voltages above 10 V. 



NEON READOUT (NIXIE TUBE^) 

1. Alco Electronics - MG19 

2. Burroughs - B5971, B7971, B8971 

TUBE REQUIREMENTS VjlVdc) mA Segment 

Alco MG19 180 ... . 0.5 

Burroughs B5971 . . . . 170 .... 3 

BurroughsB7971,B8971 . 170 . . . . 6 

^ (Trademark) Burroughs Corp. 

TRANSISTOR CHARACTERISTICS 
Leakage with transistor cutoff - 0.05 mA 

V(BR)CER >Vt 

j3dc (min.) >30 92CS- 31710 


WITH Von = I8V medium BRIGHTNESS 
w IN LOW AMBIENT LIGHT BACKGROUND 
WILL RESULT. THE POINT OF NO 
I NOTICEBLE GLOW IS VqfF “ 


LOW VOLTAGE VACUUM FLUORESCENT i. 
READOUTS i 

1. Tung-Sol DIGIVAC S/G t Type DT1704^A or DT 

2. Nippon Electric (NEC); Type DG12E or LD915 
TUBE REQUIREMENTS: 100 to 300 p A/segment 
at tube voltages of 12 V to 25 V depending on 
required brightness Filament requirement 45 mA 
at 1.6 V, ac or dc. 


t (Trademark) Wagner Electric Co. 



92CS-3I7I 





CD4027B Types 


CMOS Dual J-K 

wiviww u , Set-Reset capability 

Master-Slave Flip-Flop ■ Static flip-flop operation - retains state indefinitely 

with clock level either "high" or "low" 

High-Voltage Types (20-Volt Rating) ■ Medium speed operation - 16 MHz (typ.) clock toggle 

rate at 1 0 V 

The RCA CD4027B is a single monolithic , Standardized symmetrical output characteristics 

chip integrated circuit containing two iden- . 

tical complementary-symmetry J-K master- " 1 00 ^ tested for quiescent current at 20 V 

slave flip-flops. Each flip-flop has provi- ■ Maximum input current of 1 ju A at 18 V over 

sions for individual J, K Set Reset, an^ full package-temperature range; 100 nA at 

Clock input signals. Buffered Q and Q 18Vand25°C 

signals are provided as outputs. This input- 

output arrangement provides for compatible ■ Noise margin (over full package- 
operation with the RCA-CD4013B dual D- temperature range): 

type flip-flop. lVatVDD= 5V 

The CD4027B is useful in performing con- 2 V at Vqd = 10 V 

trol, register, and toggle functions. Logic 2.5 V at Vqd = 15 V 

levels present at the J and K inputs along . g.y iq-V, and 15-V parametric ratings 
With internal self-steering control the state . pII ^ -r • 

of each flip-flop; changes in the flip-flop St/nl/n T 

state are synchronous with the positive- for Dpsrrin^nn f 'R' 

going transition of the clock pulse. Set and i^evices 

reset functions are independent of the clock Applications: 
and are initiated when a high level signal is " Registers, counters, control circuits 
present at either the Set or Reset input. 

The CD4027B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 

MAXIMUM RATINGS, Abso/ufe-Max/mum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vqq) 

(Voltages referenced to Vss Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vpp +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pp): 

For = -40 to +60° C (PACKAGE TYPE E) 500 mW 

For T^ = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T^ = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

For T^ = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H -55 to +125°C 

PACKAGE TYPE E -40 to +85° C 

STORAGE TEMPERATURE RANGE (Tgtg) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 




TERMINAL ASSIGNMENT 



■^ALL INPUTS ARE i 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 



Fig. 1 - Logic diagram and truth table for CD4027B (one of two identical J-K flip flops). 
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CD4027B Types 


RECOMMENDED OPERATING CONDITIONS at T^ = 25°C, Except as Noted. 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 


JAMBIENT TEMPERATURE (Ta)-29*CK 


Supply-Voltage Range 
(For 1 = Full Package Temperature Range) 


Data Setup Time 


Clock Pulse Width 


ts 10 

^ 

5 

tw 10 

15 


Clock Input Frequency (Toggle Mode) fQ(_ 10 

15 


Clock Rise or Fall Time 


Set or Reset Pulse Width 


trCL*.tfCL 10 

1^ 

5 

% 10 

15 


LIMITS 

All 

Packages 

Min. 

Max. 

3 

18 

200 


75 

- 

50 

- 

140 

- 

60 

- 

40 

- 


3.5 

dc 

8 


12 

- 

45 

- 

5 

_ 

2 

180 

- 

80 

- 

50 i 

- 


jGATE-TO-SOURCE VOLTAGE (Vqs)* 15 V 


DRAIN-TO-SOURCE VOLTAGE (Vos) — V 

Fig.2 — Typical output low (sink) 
current characteristics. 

[AMBIENT TEMPERATURE (Ta)«25*C | H j | { f t I H-fH- 


^ATE- TO -SOURCE VOLTAGE (Vgs)‘I5V4 


If more than one unit is cascaded in a parallel clocked operation, t^CL should be made less 
than or equal to the sum of the fixed propagation delay time at 15 pF and the transition 
time of the output driving stage for the estimated capacitive load. 


Fig. 3 — Minimum output low (sink) 
current characteristics. 


DRAIN-TO-SOURCE VOLTAGE (Vos)— V 


AMBIENT TEMPERATURE 
l in GATE-TQ-SOl 


DRAIN-TO-SOURCE VOLTAGE (Vqs)— V 


AMBIENT TEMPERATURE (Ta)*25*C 

|l|tt H 1 t Hr m4R-h 

^ . GATE -TO -SOURCE VOLT/ 





AMBIENT TEMPERATURE (TA) = 25*C7ir~i: _~ 
I INPUT t, »tf »20ns | 

i I 

S 10 — r ^ 5 :: z -- z z: z :: zz z: 

o 6 -- - ^ — 1 -i.i-L-j— -J rri — 



Fig.4 — Typical output high (source) 
current characteristics. 


Fig.5 — Minimum output high (source) 
current characteristics. 


INPUT FREQUENCY (fi)-Hz 

92CS-36475 

Fig.6 ~ Typical power dissipation vs. frequency. 


Vss 


INPUTS 



1 

vss 


NOTE 

MEASURE INPUTS 

sequentially. 

TO BOTH Voo ANO Vss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
VodO^Vss 



NOTE. 

TEST ANY ONE INPUT, 
WITH OTHER INPUTS AT 
Vdo ORVss 



Fig. 7, — Input curren t tes t circui t. 


F/ff^g — Input-voltage test circuit. 


Fig.9 — Quiescent device current test circuit. 
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LOAD CAPACITANCE ICl)— pF 


Fig. 10 - Typical propagation delay time vs. 
load capacitance (CLOCK or_SET 
to Q, CLOCK or RESET to O. 
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CD4028B Types 


CMOS 

BCD-to-Decimal Decoder 

High-Voltage Types (20-Volt Rating) 

The RCA-CD4028B types are BCD-to- 
decimal or binary-to-octal decoders consist- 
ing of buffering on all 4 inputs, decoding- 
logic gates, and 10 output buffers. A BCD 
code applied to the four inputs, A to D, 
results in a high level at the selected one of 
10 decimal decoded outputs. Similarly, a 
3-bit binary code applied to inputs A through 
C is decoded in octal code at output 0 to 7 
if D = "0". High drive capability is provided 
at all outputs to enhance dc and dynamic 


Features: 

■ BCD-to-decimal decoding or binary-to-octal decoding 

■ High decoded output drive capability 

■ "Positive logic" inputs and outputs. . . . 

decoded outputs go high on selection 

■ Medium-speed operation. . . . 

'PHL' ^PLH “ (fyP‘) @ Vqq = 10 V 

■ Standardized, symmetrical output characteristics 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 jLiA at 18 V 
over full package-temperature range; 

100 nAatlS Vand 250C 

■ Noise margin (over full package- 
temperature range): 

1 V at Vqd = 5 V 

2 V at Vdd = 10 V 
2.5 Vat Vqq = 15 V 


3- Bit 
BINARY I 

INPUTS r 


BCD 

INPUTS 



r— BUFFERED 

1 octal 

DECODED 
OUTPUTS 
( I OF 8 I 


buffered 

decimal 

DECODED 

OUTPUTS 

(lOFiOl 


CD4028B 

FUNCTIONAL DIAGRAM 


performance in high fan-out applications. 

The CD4028B-Series types are supplied in 
16-lead hermetic dual-in-line ceramic pack- 
ages (D and F suffixes), 1 6-lead dual-in-line 
plastic packages (E suffix), 1 6-lead ceramic 
flat packages (K suffix), and in chip form (H 
suffix). 


■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC 
Tentative Standard No. 13A, "Standard 
Specifications for Description of 'B' 

Series CMOS Devices" 

Applications: 

■ Code conversion ■ Indicator-tube decoder 

■ Address decoding— memory selection control 



Top View 

TERMINAL DIAGRAM 


TABLE I - TRUTH TABLE 


D 

c 

B 

A 

0 

1 

2 

3 

4 

5 

6 
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8 

9 
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0 
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1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


I = HIGH LEVEL 0 = LOW LEVEL 



DC SUPPLY -VOLTAGE RANGE, (Vdd) 

(Voltages referenced to Vss Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqq +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq): 

For T^ = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T^ = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 1 2 mW/° C to 200 mW 

For T^ = -55 to +100‘’C (PACKAGE TYPES D, F, K) 500 mW 

For T^ = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/“C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T^): 

PACKAGE TYPES D, F, K, H -55 to +1 25° C 

PACKAGE TYPE E -40 to +85° C 

STORAGE TEMPERATURE RANGE (Tgtg) •’ -65 to +150° C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265° C 
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CD4028B Types 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage Range 
(For = Full Package? 

Temperature Range) 

3 

18 

V 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (*>0 
Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at —40. +26. +85 Apply to E Package 

UNITS 

Vo 

(V) 

I> 

VdD 

(V) 


+25 

-55 

^0 

+85 

+ 125 

Min. 

Typ. 

Max. 

Quiescent Device 
Current, 

IDD Max. 

- 

0,5 

5 

5 

5 

150 

150 

- 

0.04 

5 

pA 

- 

0,10 

10 

10 

10 

300 

300 

- 

0.04 

10 

- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 

- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

Output Low 
(Sink) Current 
Iql Min. 

0.4 

0.5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

34 

6.8 

- 

Output High 
(Source) 
Current, 

Iqh Min. 

4.6 

0.5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

1 

- 

2.5 

0.5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Voltage: 
Low-Level, 

Vql Max. 

- 

0.5 

5 

0.05 

- 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output Voltage: 
High-Level, 

Vqh Min. 

- 

0.5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage, 

V|L Max, 

0.5, 4.5 

- 

5 

1.5 

- 

- 

1.5 

V 

1, 9 

- 

10 

3 

- 

_ 

3 

1.5,13.5 

- 

15 

4 

- 

- 

4 

Input High 
Voltage, 

V|H Min. 

0.5, 4.5 

- 

5 

3.5 

3.5 

- 

- 

1,9 

- 

10 

7 

7 

- 

- 

1.5,13.5 

1 “ 

15 

11 

11 

- 

- 

Input Current 
l||VI Max. 

- 

1 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10'^ 

±0.1 

pA 


DYNAMIC ELECTRICAL CHARACTERISTICS at T^ = 25^C, Cl = 50 pF, 
Input tptf = 20 ns, Rl = 200 kfi 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

> 

Q 

Q 

> 

Typ. 

Max. 

Propagation Delay Time: 

5 

175 

350 

ns 

iPHL' ^PLH 

10 

80 

160 



15 

60 

120 



5 

100 

200 


Transition Time 

10 

50 

100 

ns 

^THL' iTLH 

15 

40 

80 


Input Capacitance, C||vj 

- 

5 

7.5 




Fig. 2 — Typical output low (sink) 
current characteristics. 



Fig. 3 — Minimum output low (sink) 
current characteristics. 



Fig. 4 — Typical propagation delay time as 
a function of load capacitance. 


DRAIN-TO- SOURCE VOLTAGE (Vds)-^ 



Fig. 5 — Typical output high (source) 
current characteristics. 
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TRANSITION TIME (tTHL.*TLH)- 


CD4028B Types 


TABLE II - CODE CONVERSION CHART 


DRAIN-TO-SOURCE VOLTAGE (Vds)— V 


INPUTS 

INPUT CODES 

OUTPUT NUMBER 

Hexa- 

Decimal 

Decimal 

> 

oc 

l-< 

4-BIT 

GRAY 

EXCESS-3 

EXCESS-3 

GRAY 

AIKEN 

4-2-2-1 

D 

c 

B 

A 

«tca 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1011 12131415] 

0 

0 

0 

0 

0 

0 



0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 



1 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

2 
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0 

2 

2 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

3 

2 

0 

3 
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1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

4 

7 
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0 

0 

0 

0 

0 

0 

1 

1 

1 

7 

5 

4 

2 



0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

8 

15 

5 




0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

9 

14 

6 



5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

0 

1 

0 

10 

12 

7 

9 


6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

|1 0 1 1 

11 

13 

8 


5 


0 

0 

0 

T 

~0 
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0 

0 

0 

0 

0 

1 

0 

0 

0 

0 


1 

0 

0 

12 

8 

“ 9 “ 

~5~ 

"6 


0 

"7 

"o’ 

"o' 

0 

T 

T 

"o' 

T 

0 

~0 

"o' 

T 

T 

T 

T 

K 

1 

0 

T 

13 

9 


~6~ 

T 

7 

o' 

"o' 

T 

T 

0 

T 

T 

~0 

T 

"o’ 

0 

"o' 

T 

T 

T 

T 

1110 

14 

11 


8 

8 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

T 

1 

0 

1111 

15 

10 


7 


'9 


_ 0 _ 

_ 0 _ 


T 

T 



T 

T 

T 



T 

T 

J_ 



MD- 

Vss 


T" 

Vss 


NOTE 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH Vqp AMO Vss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Voo OR Vss 


LOAD CAPACITANCE (Cl)— pF 


Fig. 9 — Input current test circuit. 


9ZCS-2432Z 


Fig. 8 — Typical transition time as a 
function of load capacitance. 



Fig. 11 — Input voltage test circuit. 



Fig. 6 — Minimum output high (source) 
current characteristics. 



Fig. 7 — Typical dynamic power dissipa- 
tion as a function of input 
frequency. 


TYPICAL APPLICATIONS 

/ 

INPUT^ 



Fig. 13 — Code conversion circuit. 


Fig. 10 — Dynamic power dissipation 
test circuit. 



The circuit shown in Fig. 13 converts any 4- 
bit code to a decimal or hexadecimal code. 
Table 2 shows a number of codes and the 
decimal or hexadecimal number in these 
codes which must be applied to the input 
terminals of the CD4028B to select a partic- 
ular output. For example: in order to get a 
high on output No. 8 the input must be 
either an 8 expressed in 4-Bit Binary code, a 
15 expressed in 4-Bit Gray code, or a 5 ex- 
pressed in Excess-3 code. 









CD4028B Types 



^ 92CS- 29413 

(Trademark) Burroughs Cbrp. 

Fig. 14 — Neon readout (Nixie Tube^ ) display application. 


INPUTS 




Fig. 15 ~ 6-bit binary to 1 -of -64 address decoder. 



CD4028BH 

DIMENSIONS AND PAD LAYOUT 

The photographs and dimensions of each CMOS chip 
Dimensions in parentheses are in millimeters and are represent a chip when it is part of the wafer. When the 

derived from the basic inch dimensions as indicated. wafer is separated into individual chips, the angle of 

Grid graduations are in mils (10~^ inch). cleavage may vary with respect to the chip face for 

different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


139 






CD4029B Types 

CMOS Presettable 
Up/Down Counter 

Binary or BCD-Decade 
High-Voltage Types {20-Volt Rating) 

The RCA-CD4029B consists of a four-stage 
binary or BCD-decade up/down counter with 
provisions for look-ahead carry in both 
counting modes. The inputs consist of a 
single CLOCK, CARRY-IN (CLOCK EN- 
ABLE), BINARY/DECADE, UP/DOWN, PRE- 
SET ENABLE, and four individual JAM sig- 
nals. Q1, 02, 03, 04 and a CARRY OUT 
signal are provided as outputs. 

A high PRESET ENABLE signal allows 
information on the JAM INPUTS to preset 
the counter to any state asynchronously with 
the clock. A low on each JAM line, when the 
PRESET-ENABLE signal is high, resets the 
counter to its zero count. The counter is 
advanced one count at the positive transition 
of the clock when the CARRY-IN and PRE- 
SET ENABLE signals are low. A dvancement 
is inhibited when the CARRY-I N or PRESET 
ENABLE signals are high. The CARRY-OUT 
signal is normally high and goes low when 
the counter reaches its maximum count in 
the UP mode or the minimu m count in the 
DOWN mode p rovided the CARRY-IN sig- 
nal is low. The CARRY-IN signal in the low 
state can thus be consid ered a CLOCK 
ENABLE. The CARRY-IN terminal must be 
connected to Vgg when not in use. 

Binary counting is accomplished when the 
BINARY/DECADE input is high; the counter 
counts in the decade mode when the BI- 
NARY/DECADE input is low. The counter 
counts up when the UP/DOWN input is 
high, and down when the UP/DOWN input 
is low. Multiple packages can be connected 
in either a parallel-clocking or a ripple- 
clocking arrangement as shown in Fig. 1 7. 

Parallel clocking provides synchronous con- 
trol and hence faster response from all 
counting outputs. Ripple-clocking allows for 
longer clock input rise and fall times. 

The CD4029B-series types are supplied in 
16-lead ceramic dual-in-line plastic pack- 
ages ( E suffix), 1 6-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


CD4029B Terminal Diagram 



Features: 

■ Medium-speed operation ... 8 MHz (typ.) 

@ Cl = 50 pF and Vqq-Vss = 10 V 

■ Multi-package parallel clocking for synchronous 
high speed output response or ripple clocking 
for slow clock input rise and fall times 

■ "Preset Enable" and individual "Jam" inputs provided 

■ Binary or decade up/down counting 

■ BCD outputs in decade mode 

■ 100% tested for quiescent current at 20 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Standardized, symmetrical output charac- 
teristics 

■ Maximum input current of 1 juA at 18 V 
over full package-temperature range; 

100 nA at 18 V and 250C 

■ Noise margin (over full package-tempera- 
ture range) 

1 V at Vdd = 5 V 

2 Vat Vdd = 10 V 
2.5 Vat Vdd = 15 V 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 



Applications: 

■ Programmable binary and decade 
counting/frequency synthesizers-BCD output 

■ Analog to digital and digital to 
analog conversion 

■ Up/Down binary counting 

■ Magnitude and sign generation 

■ Up/Down decade counting 

■ Difference counting 


RECOMMENDED OPERATING CONDITIONS at T^ = 25‘'C, Except as Noted. For maximum 
reliability, nominal operating conditions should be selected so that operation is always within the 
following ranges: 


CHARACTERISTIC 

^DD 

LIMITS 1 

UNITS 

(V) 

Min. 

Max. 

Supply-Voltage Range (For T^ = Full Package- 





Temperature Range) 

- 

3 

18 

V 

Setup Time tgy: 

Carry-In 

5 

10 

15 

60 

20 

12 

- 



5 

340 

- 


U/D or B/D 

10 

140 

- 



15 

100 

- 

ns 


5 

180 

- 


Clock Pulse Width, tyy 

10 

90 

- 


15 

60 

- 



5 

130 

- 


Preset Enable Pulse Width, tyy 

10 

70 

- 


15 

50 

- 



5 

- 

2 


Clock Input Frequency, f^L 

10 

- 

4 

MHz 


15 

- 

5.5 



5 

- 



Clock Rise and Fall Time, t^CL, t|CL 

10 

- 

15 

jUS 

15 

- 
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CD4029B Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vdd) 

(Voltages referenced to V33 Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0-5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq): 

For T^ = -40 to +60° C (PACKAGE TYPE E) 500 mW 

For T^ = +60 to +85° C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T^ = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

For T^ = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For T^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H -55 to +125°C 

PACKAGE TYPE E -40 to +85° C 

STORAGE TEMPERATURE RANGE (Tgtg) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 


STATIC ELECTRICAL CHARACTERISTICS 


CHARAC- 

TERISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 

Values at -55, +25, +1 25 Apply to D, F, K, H Packages 
Values at —40, ±25, ±85 Apply to E Package 

IT 

N 

1 

T 

S 

Vo 

(V) 

VlN 

(V) 

Vdd 

(V) 

-55 

-40 

±85 

±125 

±25 1 

Min. 

Typ. 

Max. 

Quiescent 

Device 

Current, 

•dd 

- 

0,5 

5 

5 

5 

150 

150 

- 

0.04 

5 

iuA 

- 

0,10 

10 

10 

10 

300 

300 

- 

0.04 

10 

- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 

- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

Output Low 
(Sink) Current 
Iq[_ Min. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 

Output High 
(Source) 
Current, 

•oh 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Voltage: 
Low-Level, 
Vq|_ Max. 

- 

0,5 

5 

0.05 

- 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output 

Voltage: 

High-Level, 

VoH 

- 

0,5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage 

V| |_ Max. 

0.5, 4. 5 

- 

5 

1.5 

- 

- 

1.5 

V 

1,9 

- 

10 

3 

- 

- 

3 

1.5,13.5 

- 

15 

4 

- 

- 

4 

Input High 
Voltage, 

V| ^ Min. 

0.5,4. 5 

- 

5 

3.5 

3.5 

- 

- 

1,9 

- 

10 

7 

7 

- 

- 


1.5,13.5 

- 

15 

11 

11 

- 

- 


Input Current 
llfg Max. 

- 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10-5 

±0.1 

ma 



Fig. 1 - Typical output low (sink) current 
characteristics. 



Fig. 2 - Minimum output low (sink) current 
characteristics. 


DRAIN-TO-SOURCE VOLTAGE (Vos>—V 



Fig. 3 — Typical output high (source) current 
characteristics. 


DRAIN-TO-SOURCE VOLTAGE (Vds)— V 



Fig. 4 — Minimum output high (source) current 
characteristics. 
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PROPAGATION DELAY TIME 



142 







CD4029B Types 




K. 


Q3 


04 


CONTROL 

INPUT 

LOGIC 

LEVEL 

ACTION 

BIN/DEC. 

(B/D) 

0 

BINARY COUNT 

DECADE COUNT 

UP/DOWN 

(U/D) 

1 

0 

UP COUNT 

DOWN COUNT 

PRESET ENABLE 
(PE) 

0 

JAM IN 

NO JAM 

CARRY IN (Cl) 
(CLOCK ENABLE) 

0 

NO COUNTER 

ADVANCE AT POS. 
CLOCK TRANSITION 

ADVANCE COUNTER 

AT POS. CLOCK 
TRANSITION 


92CL- 28675 R1 



Fig. 1 1 — Conversion of dock up, dock down 
input signals to dock and up/down 
input signals. 


The CD4029B CLOCK and UP/DOWN inputs 
are used directly in most applications. In 
applications where CLOCK UP and CLOCK 
DOWN inputs are provided, conversion to 
the CD4029B CLOCK and UP/DOWN inputs 
can easily be realized by use of the circuit 
in Fig. 1 1. 

CD4029B changes count on positive transi- 
tions of CLOCK UP or CLOCK DOWN 
inputs. For the gate configuration shown 
below, when counting up the CLOCK DOWN 
input must be maintained high and conversely 
when counting down the CLOCK UP input 
must be maintained high. 


Fig. 9— Logic diagram (cont'd). 


CLOCK (CL) 


UP/DOWN 

BINARY/ 

DECADE 

PRESET 

ENABLE 



J| 

J2 

^3 




COUNT jo] I jzjsjAjs [ejrjej 9|8j7|6[5j4|3[2[ I jojojs] sj? 

I I I I I I I I I I I I I I I I I I I I I I I 


Fig. 12 - Timing diagram-decade mode. 
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CD4029B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T^ = 25°C. Input V t| = 20 ns, 
C|_ = 50 pF, Rl = 200 kn 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 


VpD (VI 


BQ 


[ Clocked Operation | 

Propagation Delay Time; tpj^L, tpLj^ 

Q Output 


5 

HI 


BBI 

ns 

10 

Hli 

re«i 

fnsM 

15 

Kli 


IB 

Carry Output 

5 

Hi^ 

B!f!i 

BBI 

10 


nt!ii 


15 

IBI 


iItTtI 

Transition Time: ^THL* ^TLH 

Q Outputs, Carry Output 

5 

- 

B9 

BBI 

10 

- 

gfil 

iTilil 

15 

- 

■a 

la 

Minimum Clock Pulse Width, tyy 

5 

- 

90 

180 

immjiiiiH 

- 

■a 


15 

- 

30 

60 


5 

_ 

H 

■a 

MS 

10 

- 

IB 

■a 

15 

- 

n 

■a 

Minimum Setup Times. 15* 

B/D or U/D* 

5 

_ 

BBI 

IcBI 

B 

10 

- 

mi 

lEEl 

15 

- 

50 

100 

Maximum Clock Input Frequency, f^L 

5 

2 

4 

_ 

H 

10 

4 

8 

- 

15 


5! 


Input Capacitance, C|fg 

Any Input 

- 

■ 

m 


1 Preset Enable | 

Propagation Delay Time: tp^L- tpLH 

Q Outputs 


5 

- 


IBW 

ns 

10 

- 

iBTil 

EH 

15 

- 

80 

160 

Carry Output 

5 

- 

320 

640 

10 

- 

145 

290 

15 

- 

105 

210 

Minimum Preset Enable Pulse Width, tyy 

5 

- 

65 

130 

10 

- 

35 

70 

15 

- 

25 


Minimum Preset Enable Removal 

T™'- Irem* 

5 

- 

100 

200 

10 

- 

55 

110 

15 

- 

40 

80 

Carry Input | 

Propagation Delay Time; tp|_|L, tpLj^ 
Carry Output 


5 

- 

170 

340 


10 

- 

70 

140 

ns 

15 

- 

50 

100 


Min. HOLD Time 
tH*’"* Carry In 

5 

- 

25 

50 

ns 

10 

- 

15 

30 

1 

15 

- 

12 

25 


Min Set-Up Time 
tg*** Carry In 

5 

- 

100 

200 

ns 

10 

- 

35 

70 

1 

15 

- 

30 

60 

♦ 


* From Up/Down, Btnary/Decode, Carry In, or Preset Enable Control Inputs to Clock Edge. 

** If more than one unit is cascaded in the parallel clocked application, t^CL should be made less than or 
equal to the sum of the fixed propagation delay at 15 pF and the transition time of the carry output 

driving stage for the estimated capacitive load. This measurement was made with a decoupling capacitor 
(>1 mF) between V^d and Vgs* ***From Carry In to Clock Edge 



''dd 



Fig. 14 — Quiescent-device current test circuit. 




i note : 

Vcc TEST ANY COMBINATION 

OF INPUTS 

92CS-2r‘»4lRl 

Fig. 15 — input voltage test circuit. 



NOTE 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH Vqo ANO Vss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
VpD ''SS- 


Fig. 16 — input current test circuit. 
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CD4029B Types 


“PARALLEL CLOCKING" 



* CARRY OUT lines at the 2nd, 3rd, etc., stages may have a negative-going glitch 
pulse resulting from differential delays of different CD4029B IC's. These negative- 
going glitches do not affect proper CD4029B operation. However, if the CARRY 6UT 
sign als are used to trigger other edge-sensitive logic devices, such as FF's or counters, 
the CARRY OUT signals should be gated with the clock signal using a 2-input OR gate 
such as CD4071B. 


"RIPPLE CLOCKING" 





Ripple Clocking Mode: 

The Up/Down control can be changed at any count. The only restriction on changing 
the Up/Down control is that the clock input to the first counting stage must be high. 
For cascading counters operating in a fixed up-count or down-count mode, the OR 
gates are not required between stages, and CO is connected directly to the CL input of 
the next stage with Cl grounded. 


f/g. 17 - Cascading counter packages. 



105-113 

(2.667-2.870) 


92CM-Z9723RI 


Dimensions and pad layout for CD4029B. 

Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~^ inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4030B Types 


CMOS 

Quad Exclusive-OR Gate 

High-Voltage Types (20-Volt Rating) 

The RCA-CD4030B types consist of four in^ 
dependent Exclusive-OR gates. The CD4030B 
provides the system designer with a means 
for direct implementation of the Exclusive- 
OR function. 


Features: 

■ Medium-speed operation— tpL|_| = 65 ns (typ.) at 
Vdd = 'I0 V, Cl = 50 pF 

■ 100% tested for quiescent current at 20 V 

■ Standardized, symmetrical output characteristics 

■ 5-V, 10- V, and 15-V. parametric ratings 

■ Maximum input current of 1 juA at 18 V over full package- 
temperature range; 100 nA at 18 V and 25° C 

■ Noise margin (overfull package-temperature 
range); 

1 V at Vqd = 5 V 

2 Vat Vp0= 10 V 
2.5 Vat Vqd = 15 V 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 

for Description of 'B' Series CMOS Devices" Anniirat 



The CD4030B types are supplied in 14-lead 2 V at Vpp = 10 V 

hermetic dual-in-line ceramic packages (D 2.5 V at Vpp = 15 V 

and F suffixes), 14-lead dual-in-line plastic " Meets all requirements of JEDEC Tentativ 

packages (E suffix), 14-lead ceramic flat Standard No. 13A, "Standard Specif icatic 

packages (K suffix), and in chip form (H for Description of 'B' Series CMOS Devic 

suffix). 

MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY -VOLTAGE RANGE, (Vdd) 

(Voltages referenced to Vss Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to VpD +0-5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pp): 

For T^ = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T^ = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T^ = -55 to +100° C (PACKAGE TYPES D, F, K) 500 mW 

For T^ = +100 to +125°C (PACKAGE TYPES D, F, «) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For T^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H -55to+125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (Tstg) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

Supply-Voltage Range (For = Full Package 
Temperature Range) 


LIMITS 

MIN. 

MAX. 

3 

18 


CD4030B 

FUNCTIONAL DIAGRAM 


Applications: 

■ Even and odd-parity generators and checkers 

■ Logical comparators 

■ Adders/subtractors 

■ General logic functions 


TERMINAL DIAGRAM 
Top View 
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CD4030B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARAC- 

TERISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at -40, +25, +85 Apply to E Package 

U 

N 

1 

T 

S 

Vo 

(V) 

V|N 

(VI 

Vdd 

(V) 

-55 

-40 

+85 

+125 

+25 

Min. 

Typ. 

Max. 

Quiescent 

Device 

Current, Iqq 
M ax. 

- 

0,5 

5 

1 

1 

30 

30 

- 

0.02 

1 

IJiA 

- 

0,10 

10 

2 

2 

60 

60 

- 

0.02 

2 

- 

0,15 

15 

4 

4 

120 

120 

- 

0.02 

4 

- 

0,20 

20 

20 

20 

600 

600 

- 

0.04 

20 

Output Low 
(Sink) 

Current 

IqL Min. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 

Output High 
(Source) 
Current, 

Iqh Min. 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 


13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 


Output Voltage: 
Low-Level, 

Vql Max. 

- 

0,5 

5 

0.05 

- 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 


0.05 

- 

0,15 

15 

0.05 

- 

' 0 

0.05 

Output Voltage: 
High-Level, 
Vqh Min. 

- 

0,5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage, 

V|L Max. 

0.5,4.5 

- 

5 

1.5 

- 

- 

1.5 

V 

1,9 

- 

10 

3 

- 

- 

3 

1.5,13.5 

- 

15 

4 

- 

- 

4 

Input High 
Voltage, 

V|n Min. 

0.5,4.5 

- 

5 

3.5 

3.5 

- 

- 

1,9 

- 

10 

7 

7 

- 

- 

1.5,13.5 

- 

15 

11 

11 

- 

- 

Input Current 

IfM Max. 

- 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10-5 

±0.1 

J^A 



Fig. 2 - Typical output low (sink) current 
characteristics. 



Fig. 3 — Minimum output low (sink) current 
characteristics. 
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Fig. 4 — Typical output high (source) current 
characteristics. 


DYNAMIC ELECTRICAL CHARACTERISTICS at T^ = 25°C; Input t^, tf = 20 ns. 


CHARACTERISTIC 

CONDITIONS 

Vdd 

(V) 

LIMITS 

UNITS 

Typ. 

Max. 

Propagation Delay Time, ^PLH' ^PHL 

5 

140 

280 

ns 

10 

65 

130 

15 

50 

100 

Transition Time, ^THL'^ILH 

5 

100 

200 

ns 

10 

50 

100 

15 

40 

80 

Input Capacitance, C||y| 

Any Input 

5 

7.5 

pF 



characteristics. 
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CD4030B Types 



LOAD CAPACITANCE (Ci.)—pF 92cs-24S22 
Fig. 6 — Typical transition time as a function of 
load capacitance. 



Fig. 10 — Quiescent-device current 
test circuit. 




NOTE 

TEST ANY COMBINATION 
OF INPUTS 


Fig. 11 - Input-voltage test 
circuit. 



Fig. 7 — Typical propagation delay time as a function 
of load capacitance. 




Fig. 12 - Input-current test 
circuit. 


Fig. 13- Dynamic power dissipation test 
circuit. 




Fig. 8 — Typical propagation delay time as a function 
of supply voltage. 



function of input frequency. 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils f10~^ inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4031B Types 


CMOS 64-Stage 
Static Shift Register 

High-Voltage Types (20-Volt Rating) 


The RCA-CD4031B is a static shift register 
that contains 64 D-type, master-slave flip- 
flop stages and one stage which is a D-type 
master flip-flop only (referred to as a 1/2 
stage). 

The logic level present at the DATA input is 
transferred into the first stage and shifted 
one stage at each positive-going clock transi- 
tion. Maximum clock frequencies up to 
12 Megahertz (typical) can be obtained. Be- 
cause fully static operation is allowed, infor- 
mation can be permanently stored with the 
clock line in either the low or high state. The 
CD4031B has a MQDE CONTROL input 
that, when in the high state, allows operation 
in the recirculating mode. The MODE CON- 
TROL input can also be used to select be- 
tween two separate data sources. Register 
packages can be cascaded and the clock 
lines driven directly for high-speed operation. 
Alternatively, a delayed clock output (CLq) 
is provided that enables cascading register 
packages while allowing reduced clock drive 
fan-out and transition-time requirements. A 
third cascading option makes use of the Q' 
output from the 1/2 stage, which is available 
on the next negative-going transition of the 
clock after the Q output occurs. This delayed 
output, like the delayed clock CLq, is used 
with clocks having slow rise and fall times. 

The CD4031 B types-are supplied In 16-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead plastic dual-in-line 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and In chip form (H 
suffix). 


Features: 

■ Fully static operation: DC to 12 MHz typ. @ Vqq— V< 
= 15 V 

■ Standard TTL drive capability on Q output 

■ Recirculation capability 

■ Three cascading modes: 

Direct clocking for high-speed operation 

Delayed clocking for reduced clock drive requirements 

Additional 1/2 stage for slow clocks 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 pA at 18 V 
overfull package-temperature range; 100 nA 
at 18 V and 250C 

■ Noise margin (over full package-temperature 
range) 

1 VatVnn = 5 V 


MODE lOjcONTROL 


1 V ai VQQ = o V 

2 Vat Vnn = 10 V 


I 5-V, 10-V, and 15-V parametric ratings 
I Meets all requirements of JEDEC Tenta- 
tive Standard No. 13A, "Standard Specifi- 
cations for Description of 'B' Series CMOS 
Devices" 


CHARACTERISTIC 

Supply-Voltage Range 
(For T/^=Full Package- 
Temperature Range) 


LIMITS f 

Min. 

Max. 

3 

18 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY -VOLTAGE RANGE, (Vdd) 

(Voltages referenced to Vss Terminal) -0.5 to -*-20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0-5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq): 

For T^ = -40 to +60° C (PACKAGE TYPE E) 500 mW 

For T^ = +60 to +85° C (PACKAGE TYPE E) Derate Linearly at 12 mW/° C to 200 mW 

For T^ = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

For T^ = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H -55 to +125° C 

PACKAGE TYPE E -40 to +85° C 

STORAGE TEMPERATURE RANGE (Tstg) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from case for 10 s max +265°C 


C « 3,4.11.12,13,14 92CS-2903S 

FUNCTIONAL DIAGRAM 


INPUT CONTROL CIRCUIT TRUTH TABLE 


Applications: 

B Serial shift registers 
■ Time delay circuits 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating 
conditions should be selected so that 
operation is always within the following ranges: 


DATA 

RECIRC. 

MODE 

BIT INTO 
STAGE 1 

1 

X 

0 

1 

0 

X 

0 

0 

X 

1 

1 

1 

X 

0 

1 

0 


TYPICAL STAGE TRUTH TABLE 
Dita CL Data 1 

0 0 
1 V" 

X "X, NC 

TRUTH TABLE FOR OUTPUT FROM Q' 
(TERMINALS) 


Data + 64 

CL 

Data + 641/2 

0 


0 

1 

■V 

1 

X 

J~ 

NC 


1 = HIGH LEVEL 0 = LOW LEVEL 
X = DON'T CARE NC = NO CHANGE 


RECIRCU- 
LATE n 

DATA IN 2 ^ I 

CL IN 2 



TOP VIEW 

NC» NO CONNECTION 


TERMINAL ASSIGNMENT 
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CD4031B Types 


DYNAMIC ELECTRICAL CHARACTERISTICSaf 25°C; Input = 20 ns, 
Ci_ = 50 pF, R 1^=200 ka 


AMBIENT TEMPERATURE (Ta)* 25*C n 
tPHL.'PLH- CLOCK TO 0 


CHARACTERISTIC 

Propagation Delay Time: 
Clock to Q, tpH|_, tpLpi; 
Clock to Q, tpLH 

Clock to tpHi_, tpLi-i; 
Clock to Q, tp|_|L 


TEST CONDITIONS 
Vdd<v) 

5 

10 

15 


LIMITS 

Min. Typ. Max. 

250 500 

110 220 

90 180 

190 
80 
65 




[ In- 







Minimum Clock Pulse Width, tyy 

5 

10 

15 

1 1 1 

Maximum Clock Input Frequency, 
fCL” 

5 

10 

15 

2 

5 

6 


Clock Input Rise or Fall Time, 

VCL' McC 


Input Capacitance, C|(\j 
(Any Input) 


If more than one unit is cascaded in the parallel clocked application, t^CL should be made less than or 
equal to the sum of the propagation delay at 50 pF and the transition time of the output driving stage. 
Maximum Clock Frequency for Cascaded Units; 



LOAD CAPACITANCE (ClHpF 92CS- 302S5 

Fig. 7 - Typical propagation delay time as a function 
of load capacitance (see table). 


a) Using Delayed Clock Feature in Recirculation Mode; 

^ _ 1 

(n-1 ) CLq prop, delay + Q prop, delay + set-up time 

b) Not Using Delayed Clock: 

^ 1 

propagation delay + set-up time 


where n = number of packages 



LOAD CAPACITANCE (Cl)— pF 

92CS-2432: 

Fig. 8 — Typical transition time as a function of 
load capacitance (except Q, tj^i_). 
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CD4031B Types 



8 1 AMBIENT TEMPERATURE f 


LOAD CAPACITANCE (Cl)-pF 92CS-30256P 

Fig. 9 — Typical transition time as a function of 
load capacitance (Q, ^yhO- 


CLOCK INPUT FREQUENCY (fcJ-kHi 92CS-302! 

Fig. 10 — Typical dynamic power dissipation as a 
function of dock input frequency. 



note: P.G.I = fcL.P-G 2« 


Fig. 11 — Dynamic power dissipation test circuit. 




MODE CONTROL Vdd = RECIRCULATION 
GND = NEW DATA 




Fig. 12 — Cascading using direct docking for high-speed operation 
(see dock rise and fall time requirement). 


Fig. 13 — Quiescent-device- 
current test circuit. 




1 /2 -CDAOI3 B) » for RECIRCULATION MODE ONLY. 

45 q1 1 FF TO DELAY DATA UNTIL 



MODE CONTROL: RECIRCULATION 

GND » NEW DATA 


Vss 



NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH VoD AND Vss' 
CONNECT ALL UNUSED 
INPUTS TO EITHER 


Fig. 14 — Cascading using delayed docking for reduced clock drive requirements. 


Fig. 15 — Input-leakage current. 




MODE CONTROL Vop = RECIRCULATION 
GND = NEW DATA 





Vee NOTE- 

TEST ANY 
COMBINATION 
OF INPUTS 


Fig. 16 — Cascading using half -dock -pulse delayed data output (Q } to permit 
use of slow rise and fall time dock inputs. 


Fig. 17 — Input-voltage test circuit. 
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CD4031B Types 


0 20 40 60 80 lOO I20 I39 



L 4-I0 
'^(0.102-0.254) 
136-144 


(3.454-3.658) 92CM-30259RI 


Dimensions and pad layout for CD4031B. 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~^ inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should conside? a tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 


153 



CD4032B, CD4038B Types 


CMOS 

Triple Serial Adders 

High-Voltage Types (20-Volt Rating) 
Positive Logic Adder — CD4032B 
Negative Logic Adder — CD4038B 


The RCA-CD4032B and CD4038B types 
consist of three serial adder circuits with 
common CLOCK and CARRY-RESET in- 
puts. Each adder has provisions for two 
serial DATA INPUT signals and an IN- 
VERT command signal. When the com- 
mand signal is a logical "1", the sum is 
complemented. Data words enter the adder 
with the least significant bit first; the sign 
bit trails. The output is the MOD 2 sum of 
the input bits plus the carry from the pre- 
vious bit position. The carry is only added 
at the positive-going clock transition for the 
CD4032B or at the negative-going clock for 
the CD4038B, thus, for spike-free operation 
the input data transitions should occur as 
soon as possible after the triggering edge. 

The CARRY is reset to a logical "0" at the 
end of each word by applying a logical “1" 
signal to a CARRY-RESET input one-bit- 
position before the application of the first 
bit of the next word. 

The CD4032B and CD4038B types are sup- 
plied in 16-lead hermetic dual-in-line ceramic 
packages (D and F suffixes), 16-lead dual-in- 
line plastic packages (E suffix), 16-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix). 


CD4032B, CD4038B 
TERMINAL DIAGRAM 


Features: 

■ Invert inputs on all adders for sum complementing 
applications 

■ Fully static operation . . . . dc to 10 MHz (typ. 
@Vdd=10 V 

■ Single-phase clocking 

■ Standardized, symmetrical output characteristics 

■ 1 00% tested for quiescent current at 20 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Maximum input current of 1 juA at 18 V 
over full package-temperature range; 

100 nA at 18 V and 25°C 

■ Noise margin (over full package-tempera- 
ture range) 

1 V at Vdd = 5 V 

2 V at Vqd = 10 V 
2.5 Vat Vdq= 15 V 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13 A, “Standard Specifications 
for Description of 'B' Series CMOS Devices" 


vss = e 
Vqd = 16 


CD4032B, CD4038B 
FUNCTIONAL DIAGRAM 


Applications: 

■ Serial arithmetic units 

■ Digital correlators 

■ Digital datalink computers 

■ Flight control computers 

■ Digital servo control systems 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY -VOLTAGE RANGE. (Vqd) 

(Voltages referenced to Vss Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0-5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pp): 

For = -40 to +60° C (PACKAGE TYPE E) 500 mW 

For T^ = +60 to +85° C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T^ = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

For T^ = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T^): 

PACKAGE TYPES D, F. K, H -55 to +125° C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (Tstg) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 



RECOMMENDED OPERATING CONDITIONS at T/v = 25°C, Unless Otherwise Specified 


For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges. 


CHARACTERISTIC 

Vdd 

Min. 

Max. 

UNITS 

Supply Voltage Range (atT/i^ = Full Package-Temperature 
Range) 


3 

18 

V 

Clock Input Frequency, fCL 

5 

10 

15 

- 

2.5 

5 

7.5 

MHz 

Clock Input Rise or Fall Time, t^CL, t^CL 

5 

10 

15 

- 

500 

500 

500 

MS 

Data Input Set-Up Time, 

Clock to A or B Inputs 

5 

10 

15 

200 

80 

60 

- 

ns 
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CD4032B, CD4038B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARAC- 

TERISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 

Values at -55, +25, +1 25 Apply to D, F, K, H, Packages 
Values at —40, +25, +85 Apply to E Package 

IT 

N 

1 

T 

S 

Vo 

(VI 

V|N 

(V) 

o> 

> 

-55 

-40 

+85 

+125 

+25 

Min. 

Typ. 

Max. 

Quiescent 

Device 

Current, 

Iqd 

- 

0.5 

5 

5 

5 

150 

150 

- 

0.04 

5 

mA 

- 

0,10 

10 

10 

10 

300 

300 

- 

0.04 , 

10 

- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 

- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

Output Low 
(Sink) Current 
IqL Min. 

0.4 

0.5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 

Output High 
(Source) 
Current, 

•oh 

4.6 

0,5 

5 

-0.64 

-0.61 

--0.42 

-0.36 

-0.51 

-1 

- 

2.5 

0.5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Voltage: 
Low-Level, 
Vql Max. 

- 

0,5 

5 

0.05 

- 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output 

Voltage: 
High-Level, 
Vqh Min. 

- 

0,5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage 

ViL Max. 

0.5,4. 5 

- 

5 

1.5 

- 

- 

1.5 

V 

1,9 

- 

10 

3 

- 

- 

3 

1.5,13.5 

- 

15 

4 

- 

- 

4 

Input High 
Voltage, 

V| |_| Min. 

0.5,4.5 

- 

5 

3.5 

3.5 

- 

- 

1,9 

- 

10 

7 

7 

- 

- 

1.5,13.5 

- 

15 

11 

11 

- 

- 

Input Current 
l|l\l Max. 

- 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10-5 

±0.1 

aa 




Fig- 2 — CD4032B timing diagram. 


92CM-29082R2 

Fig. 1 — CD4032B logic diagram of one of three serial adders. 
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CD4032B, CD4038B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS af =25°C, Input tf = 20ns, 

Cl =50 pF, Ri_= 200 k5l 


CHARACTERISTIC 

TEST CONDITIONS 
Vqd(V) 

LIMITS 

UNITS 

Min. 

Typ. 

Max. 

Propagation Delay Time: tpHL'^PLH 
A,B, Carry Reset, or Invert Inputs to 
Sum Outputs 

5 

10 

15 

- 

260 

120 

90 

520 

240 

180 

ns 

Clock Input to Sum Outputs 

5 

10 

15 

— 

325 

175 

150 

650 

350 

300 

ns 

Transition Time: tjL|_| 

5 

10 

15 

- 

100 

50 

40 

200 

100 

80 

ns 

Minimum Data Input Setup Time, tgy 
Clock to A or B Inputs 

5 

10 

15 

- 

125 

50 

40 

200 

80 

60 

ns 

Maximum Clock Input Frequency, 

5 

10 

15 

2.5 

5 

7.5 

4.5 

10 

15 

- 

MHz 

Clock Input Rise or Fall Time, t^CL'^fCL* 

5 

10 

15 

~ 

~ 

500 

500 

500 

jUS 

Input Capacitance, C||sj 

(Any Input) 

- 

5 

7.5 

pF 


* If more than one unit is cascaded t^Q|_ should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 



Fig. 5 — Typical output low (sink) current 
characteristics. 



Fig. 6 — Minimum output low (sink) current 
characteristics. 



NETWORK 

92CM-29083RI 

Fig. 3 - CD4038B logic diagram of one of three serial adders. 



Fig. 4 - CD4038B timing diagram. 


DRAIN-TO-SOURCE VOLTAGE (Vds)—V 



Fig. 7 — Typical output high (source) current 
characteristics. 


DRAIN-TO-SOURCE VOLTAGE (Vos)— V 



Fig. 8 — Minimum output high (source) current 
characteristics. 
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TRANSITION TIME (IthL.’TLH)- 


CD4032B, CD4038B Types 




Fig. 10 — Typical propagation delay times as a 
function of load capacitance (A, B, 
carry reset or invert to SUM). 



Fig. 11 — Typical dynamic power dissipation as a 


function of dock input frequency. 



Fig. 12 — Dynamic power dissipation test 
circuit. 


Fig. 13 — Input voltage test circuit. 


Fig. 14 — Input current test circuit. 



Fig. 15 — Quiescent-device current test circuit. 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~ ^ inch). 

The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isoiated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +76 mils applicable to the nominal 
dimensions shown. 



Dimensions and pad layout for CD4032BH; dimensions and pad layout for 
CD4038BH are identical. 
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CD4034B Types 

CMOS 8-Stage Static 
Bidirectional Parallel/Serial 
Input/Output Bus Register 

High-Voltage Types t20-Volt Rating) 


The RCA-CD4034B is a static eight-stage 
parallel-or serial-input parallel-output regis- 
ter. It can be used to: 

1) bidirectionally transfer parallel informa- 
tion between two buses, 2) convert serial 
data to parallel form and direct the parallel 
data to either of two buses, 3) store (recircu- 
late) parallel data, or 4) accept parallel data 
from either of two buses and convert that 
data to serial form. Inputs that control the 
operations include a single-phase CLOCK 
(CL), A DATA ENABLE (AE), ASYNCHRO- 
NOUS/SYNCHRONOUS (A/S), A-BUS-TO- 
B-BUS/B-BUS-TO-A-BUS (A/B), and PAR- 
ALLEL/SERIAL (P/S). 

Data inputs include 16 bidirectional parallel 
data lines of which the eight A data lines are 
inputs (3-state outputs) and the B data lines 
are outputs (inputs) depending on the signal 
level on the A/B input. In addition, an input 
for SERIAL DATA is also provided. 

All register stages are D-type master-slave 
flip-flops with separate master and slave 
clock inputs generated internally to allow 
synchronous or asynchronous data transfer 
from master to slave. Isolation from external 
noise and the effects of loading is provided 
by output buffering, 

PARALLEL OPERATION 

A high P/S input signal allows data transfer 
into the register via the parallel data lines 
synchronously with the positive transition 
of the clock provided the A/S input is low. 
If the A/S input is high the transfer is in- 
dependent of the clock. The direction of 
data flow Is controlled by the A/B input. 
When this signal is high the A data lines are 
inputs (and B data lines are outputs); a low 
A/B signal reverses the direction of data flow. 

The AE input is an additional feature which 
allows many registers to feed data to a 
common bus. The A DATA lines are enabled 
only when this signal is high. 

Data storage through recirculation of data In 
each register stage is accomplished by mak- 
ing the A/B signal high and the AE signal 
low. 


Applications: 

■ Parallel Input/Parallel Output, 

Parallel Input/Serial Output, 

Serial Input/Parallel Output, 

Serial Input/Serial Output Register 

■ Shift right/shift left register 

■ Shift right/shift left with parallel loading 

■ Address register 

■ Buffer register 

■ Bus system register with enable parallel 
lines at bus side 

■ Double bus register system 

■ Up-Down Johnson or ring counter 

■ Pseudo random code generators 

■ Sample and hold register (storage, 
counting, display) 

■ Frequency and phase comparator 

SERIAL OPERATION 

A low P/S signal allows serial data to transfer 
into the register synchronously with the 
positive transition of the clock. The A/S in- 
put is Internally disabled when the register is 
in the serial mode (asynchronous serial opera- 
tion is not allowed). 

The serial data appears as output data on 
either the B lines (when A/B is high) or the 
A lines (when A/B is low and the AE signal 
is high). 

Register expansion can be accomplished by 
simply cascading CD4034B packages. 

The CD4034B types are supplied in 24-lead 
dual-in-line ceramic packages (D and F suf- 
fixes), 24-lead dual-in-line plastic packages 
(E suffix), 24-lead ceramic flat packages (K 
suffix), and in chip form (H suffix). 



Features: 

■ Bidirectional parallel data input 

■ Parallel or serial inputs/parallel outputs 

■ Asynchronous or synchronous parallel 
data loading 

■ Parallel data-input enable on "A" data 
lines {3-state output) 

■ Data recirculation for register expansion 

■ Multipackage register expansion 

■ Fully static operation dc-to-10 MHz (typ.) 
at VpQ = 10 V 

■ Standardized, symmetrical output 
characteristics 

■ 100% tested for quiescent current at 20 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Maximum input current of 1 pA at 18 V 
over full package-temperature range; 

100 nAatlS Vand 250C 

■ Noise margin (overfull package-temperature 
range): 

1 V at VpD = 5 V 

2 Vat Vdd = 10V 
2.5 Vat Vdq = 15V 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 


MAXIMUM RATINGS, Absolute- Maxi mum Values: 

DC SUPPLY -VOLTAGE RANGE, (Vdd) 

(Voltages referenced to Vss Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vpp +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pp): 

For T^ = -40 to +60° C (PACKAGE TYPE E) 500 mW 

For T^ = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T^ = -55 to +100° C (PACKAGE TYPES D, F, K) 500 mW 

For T^ = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For T^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T^): 

PACKAGE TYPES D, F, K, H -55 to +125°C 

PACKAGE TYPE E -40to+85°C 

STORAGE TEMPERATURE RANGE (Tgtg) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 
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CD4034B Types 


RECOMMENDED OPERATING CONDITIONS at T^ = 250C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

^DD 

”■ LIMITS 

UNITS 

(V) 

Min. 

Max. 

Supply-Voltage Range (For T^= Full Package- 
Temperature Range) 


3 

18 

V 

Data Setup Time, tg 

5 

160 

- 


Serial Data to Clock 

10 

60 

- 

ns 


15 

40 

- 



5 

50 

- 


Parallel Data to Clock 

10 

30 

- 

ns 


15 

20 

- 



1 

350 

- 


Clock Pulse Width, ty^ 

10 

140 

- 

ns 


15 

80 

- 



5 


2 


Clock Input Frequency, fQL. 

10 

dc 

5 

MHz 


15 


7 


Clock Input Rise or Fall Time, t^CL, tfCL* 

5, 10, 15 

- 

15 

MS 


*lf more than one unit is cascaded t^-CL should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 


"A" OR’B" 

DATA j 

INPUTS / 

/HZ 

"B" OR "A" 

DATA 

OUTPUTS 



PLH"* 


IT'T'-H 



1 

W— 'thl 


--n 

*■' PHL"*" 



92CS-20077 


Fig. 2 — Asynchronous operation propagation 
delay time and transition time. 



*INPUT REFERS TO ANY OF THE "A" OR "B” DATA INPUTS , "A" ENABLE , 
SERIAL INPUT, A/B, P/S, OR A/S INPUTS 

^*‘’»SLH and tsHL are SET-UP TIMES 

92CS-20078 



Fig. 1 — Steering logic diagram. 


FLIP-FLOP TRUTH TABLE 


INPUTS 

OUTPUT 

CLm 

CLs 

D 

Q 

"V 


0 

0 

J~ 

“V 

0 

0 


_r 

0 

INVALID 

CONDITION 

J- 

j- 

X 

0 



1 

1 

J~ 

"V 

1 

1 



1 

INVALID 

CONDITION 


1 = High Level 0 = Low Level X = Don't Care 


Fig. 3 — Synchronous operation propagation 
delay times, transition times, and 
set-up times. 


clock iTJ~LjnjijajTjnjnjTjn^ 



(—LTL 



T I ^ run 





B DATA LINES ARE OUTPUTS LINES^ARE-^ 

OUTPUTS 


Fig. 4 — Timing diagram. 
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CD4034B Types 

STATIC ELECTRICAL CHARACTERISTICS 



Output Low 


Output High 
(Source) 
Current, 


Output Voltage: 
Low-Level, 
VoL 

Output 

Voltage: 

High-Level, 

VoH 

Input Low 
Voltage 


0.4 

0.5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

1.5 

0,15 

15 

4.2 

, 4 

2.8 

2.4 

3.4 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

2.5 

0.5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 


1 

2.6 

6.8 

-1 

-3.2 


- 

0,5 

5 

0.05 

- 

0 

0.05 

- 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

- 

0,5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

0.5,4. 5 

- 

5 

1.5 

- 

- 

1.5 


Input High 
Voltage, 

V|f_| Min. : 

Input Current* 
liM Max. 


1,9 

1.5,13.5 
0.5,4. 5 
1,9 

1.5,13.5 


BiiBiBiiBiisiiiBiiBiBSiBSsiSisBBsiBBBBBB 

sisssSKHr 

pj? 


111 

SSShw' 


BBSBBBaSaaBaBaaBSSBSSSBBBl 



BBBBBBBBBaBaBaBBBBaBBBBBBI 

'jEiBBBBjuLiaaaBBaaaB 

raaaaiPlllBaaaaaaBa 

iBaaBpy^aBBaaaaaaa 

aaar^BaaaBBaaaaiaa 

B^daBBaaaaBaaBaaaa 

aaa 

■■■■■■ 

SKKS 

illiil 

nil 

■■■■■■■■■■■■■■■■■■ 


bbbbbbbbbbbbbbbbbbbbbbbbbI 


DRAIN-TO-SOURCE VOLTAGE (Vds) — V 

Fig. 5 — Typical output low (sink) 
current characteristics. 

[AMBIENT TEMPERATURE (Ta)- 25»C 


fGATE-TO-SOURCE VOLTAGE (Vgs)*I 5 


DRAIN-TO-SOURCE VOLTAGE (Vos)— V 

Fig. 6 — Minimum output low (sink) 
current characteristics. 

DRAIN-TO-SOURCE VOLTAGE (Vos)— V 

HS -10 -5 

AMBiEFrrTEMPERAfuREnp^25*c^^^^^^^ - 

H I! if ff gate-to-source VOLTAGE (Vgs)=- 5 v 


0,18 18 ±0.1 


±10-5 ±0.1 Ua 


3-State 

Output 

Leakage 

Current 


0,18 18 ±0.4 


All inputs except A and B Lines. 


DRAIN-TO-SOURCE VOLTAGE (Vos)— V 


AMBIENT TEMPERATURE (Ta)« 25*C -| I I I I I H I I I I I 


PGATE-TO-SOURCE voltage (Vqs )* -5 VH 


Fig. 8 — Minimum output high (source) 
current characteristics. 


±0.4 ±12 ±12 


±10-^ ±0.4 ha \ 


AMBIENT TEMPERATURE (Ta)*25*C 



LOAD CAPACITANCE (Cl)— pE 

92CS-243 

Fig. 9 — Typical transition time as a function 
of load capacitance. 


Fig. 7 — Typical output high (source) 
current characteristics. 


■ AMBIENT TEMPERATURE (Ta)= 25*C----;-;-;:^;:- 








Fig. 10— Typical propagation delay time as a 
function of load capacitance [A(B) 
parallel Data Input to B( A) parallel 
Data Output, synchronous or 
asynchronous] . 
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CD4034B Types 



92CM-a9IIOR2 


Fig. 11 — Register stage logic diagram (1 of 8 stages). 


TRUTH TABLE FOR REGISTER INPUT-LEVELS AND 
RESULTING REGISTER OPERATION 


“A” 

Enable 

p/s 

A/B 

A/s 

Operation* 

0 

0 

0 

X 

Serial Mode; Synch. Serial Data Input. "A” Parallel Data Outputs 
Disabled 

0 

0 

1 

X 

Serial Mode; Synch'. Serial Data Input, "B” Parallel Data Output 

0 

1 

0 

0 

Parallel Mode; “B” Synch. Parallel Data Inputs, "A" Parallel Data 
Outputs Disabled 

0 

1 

0 

1 

Parallel Mode; "B" Asynch. Parallel Data Inputs, "A" Parallel Data 
Outputs Disabled 

0 

1 

1 

0 

Parallel Mode; "A" Parallel Data Inputs Disabled, "B" Parallel Data 
Outputs, Synch. Data Recirculation 

0 

1 

1 

1 

Parallel Mode; "A" Parallel Data Inputs Disabled, "B” Parallel Data 
Outputs, Asynch. Data Recirculation 

1 

0 

0 

X 

Serial Mode; Synch. Serial Data Input, "A” Parallel Data Output 

1 

0 

1 

X 

Serial Mode; Synch. Serial Data Input, "B" Parallel Data Output 

1 

1 

0 

0 

Parallel Mode; "B” Synch. Parallel Data Input, "A” Parallel Data 
Output 

1 

1 

0 

1 

Parallel Mode; "B" Asynch. Parallel Data Input, “A" Parallel Data 
Output 

1 

1 

1 

0 

Parallel Mode; "A" Synch. Parallel Data Input, "B” Parallel Data 
Output 

1 

1 

1 

1 

Parallel Mode; "A" Asynch. Parallel Data Input, "B" Parallel Data 
Output 


Outputs change at positive transition of clock m the serial mode and when the A/S control input is "low” 
in the parallel mode. During transfer from parallel to serial operation A/S should 
remain low in order to prevent Dg transfer into Flip Flops. 


1 - HIGH LEVEL 0 = LOW LEVEL X = DON'T CARE 



Fig. 12 — Typical dynamic power dissipation 
as a function of dock frequency. 



Fig. 13 — Dynamic power dissipation 
test circuit. 



Fig. 14— Quiescent-device-current test circuit. 


MD* 

Vss 


NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH vdo and Vss- 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vqd OR V53- 


Vss 


92CS-27402 

Fig. 15 — Input-current test circuit. 
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CD4034B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS af = 25°C; Input tr,tf = 20ns. 


Ci_ =50pF, Ri =200ka 


CHARACTERISTIC 

VdD 

(V) 

LIMITS 1 

UNITS 

Min. 

Typ. 

Max. 

Propagation Delay Time, ^PHL' ^PLH 

5 

- 

350 

700 


A{B) Parallel Data In to 

10 

- 

120 

240 

ns 

B(A) Parallel Data Out 

15 

_ 

85 

170 


Serial to Parallel Data Out 






3-State Propagation Delay Time, tpL^, tp^^, 

5 

- 

200 

400 


A/B or AE to “f\" OUT ^PZL' ^PZH 

10 

- 

80 

160 

ns 


15 

- 

60 

120 



5 

. - . 

100 

200 


Transition Time, ^THL'^TLH 

10 

- 

50 

100 

ns 


15 

- 

40 

80 


Minimum Data Setup Time, t 3 u 

5 

- 

80 

160 


Serial Data to Clock 

10 

- 

30 

60 

ns 


15 

- 

20 

40 



5 

- 

25 

50 


Parallel Data to Clock 

10 

- 

15 

30 

ns 


15 

- 

10 

20 



5 


175 

350 


Minimum High-Level Pulse Width, t^ 

AE, P/S, A/S 

10 

- 

70 

140 

ns 


15 

- 

40 

80 



5 

2 

4 

- 


Maximum Clock Frequency, fQL 

10 

5 

10 

- 

MHz 


15 

7 

14 

- 



5 

— 

125 

250 


Minimum Clock Pulse Width, tyy 

10 

- 

50 

100 

ns 


15 

- 

35 

70 


Maximum Clock Rise or Fall Time, t^CL, tfCL* 

5,10,15 

- 

- 

15 

ps 

Input Capacitance, (Any Input) C|[vj 

- 

- 

5 

7.5 

pF 


*lf more than one unit is cascaded, t^CL should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 



92CS-2744IRI 

Fig. 16 — Input-voltage test circuit. 


Applications 



Fig. 17 — 16-bit parallel in /parallel out, 
parallel in /serial out, serial in/ 
parallel out, serial in /serial out 
register. 




ttntttt , 




a/b: 

CL 


92CS ■ I9205RI 


Fig. 18 — 16-bit serial in /gated parallel out 



BUS LINES 
( SINGLE) 


combinations of transfer between the registers 
and bus systems. Pig. 19 — Single- and double-bus systems. 


92CM- I9197RI 
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CD4034B Types 


SHIFT LEFT OUTPU' 
l“ ENABLE 





Fig. 21 — N-stage shift register with fixed serial 
output line. 



AE I 8 


' "A'parallel data ' 

SERIAL DATA > » 

SI 

Vdd 

CD4034 

A/S > ^ 

A/S 

CLOCK > ► 

CL 


/ ^^B"PARALLEL DATA s 


P/S I 8 


A "High" ("Low") on the shift Left/Shift 
Right input allows serial data on the Shift 
Left Input (Shift Right Input) to enter the 
register on the positive transition of the 
clock signal. A "high" on the "A" Enable 
Input disables the "A" parallel cfata lines on 
Reg. 1 and 2 and enables the "A" data lines 
on registers 3 and 4 and allows parallel data 


into registers 1 and 2. Other logic schemes 
may be used in place of registers 3 and 4 for 
parallel loading. 

When parallel inputs are not used Reg. 3 and 
4 and associa ted logic are not required. 

* Shift left input must be disabled during parallel 
entry. 


Fig. 22 — Sample and hold register —serial/ 
parallel in— parallel out. 


Fig. 20 — Shift right/shift left with parallel inputs. 


"A" ENABLE 
SERIAL INPUT 
A/B 
VSS 




U- 4-10 
(0.102-0.252) 


148-156 

(3.760-3.962) 


TERMINAL DIAGRAM 


99-107 

(2.515-2.718) 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~^ inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


Dimensions and pad layout for CD4034BH. 
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CD4035B Types 


CMOS 4-Stage 
Parallel In/Parallel Out 
Shift Register 

with J-K Serial Inputs and True/ 
Complement Outputs 

High-Voltage Types {20-Volt Rating) 


The RCA-CD4035B is a four-stage clocked 
signal serial register with provision for syn- 
chronous PARALLEL inputs to each stage 
and SERIAL inputs to the first stage via 
JK logic. Register stages 2, 3, and 4 are 
coupled in a serial D flip-flop configuration 
when the register is in the serial mode 
(PARALLEL/SERIAL control low). 

Parallel entry into each register stage is per- 
mitted when the PARALLEL/SERIAL con- 
trol is high. 

In the parallel or serial mode information is 
transferred on positive clock transitions. 
When the TRUE/COMPLEMENT control is 
high, the true contents of the register are 
available at the output terminals. When the 
TRUE/COMPLEMENT control is low, the 
outputs are the complements of the data in 
the register. The TRUE/COMPLEMENT 
control functions asynchronously with re- 
spect to the CLOCK signal. 

JK input logic is provided on the first stage 
SERIAL input to minimize logic require- 
ments particularly in counting and ^quence- 
generation applications. With JK inputs 
connected together, the first stage becomes 
a D flip-flop. An asynchronous common 
RESET is also provided. 

The CD4035B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


Features: 

■ 4-Stage clocked shift operation 

■ Synchronous parallel entry on all 4 stages 

■ JK inputs on first stage 

■ Asynchronous True/Complement control 
on all outputs 

■ Static flip-flop operation; Master-slave 
configuration 

■ Buffered inputs and outputs 

■ High speed — 12 MHz {typ.) at Vpp = 10 V 

■ 100% tested for quiescent current at 20 V 

■ Standardized, symmetrical output 

characteristics 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of “B" Series CMOS 
Devices" 

Applications: 

■ Counters, Registers 
Arithmetic-unit registers 
Shift-left — shift right registers 
Serial-to-parallel/parallel-to-serial 
conversions 

■ Sequence generation 

■ Control circuits 

■ Code conversion 


FIRST STAGE TRUTH TABLE 


CL 


(INPUTS) 

tn (OUTPUTS) 

nr 

K 

R 

Qn-I 

Qn 

J~ 

0 

X 

0 

0 

0 

J- 

1 

X 

0 

0 

1 

J~ 

X 

0 

0 

• 

0 

J~ 

1 

0 

0 

Qn-I 

7^ TOGGLE 

MODE 

J~ 

"7 

_ 

0 

1 

1 


X 

X 

0 

On-I 

On-I 


3 

X 

~r~ 

X I 0 1 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY -VOLTAGE RANGE, (Vop) 

(Voltages referenced to Vss Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to VpD +0-5 V 

DC INPUT CURRENT. ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq): 

For T^ = -40. to +60° C (PACKAGE TYPE E) 500 mW 

For T^ = +60 to +85° C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T^ = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

For T^ = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For T;^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D. F, K, H -55 to +125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (Tstg) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 




Fig. 1 — Typical output low (sink) 
current characteristics. 



Fig. 2 — Minimum output low (sink) 
current characteristics. 

DRAIN-TO-SOURCE VOLTAGE (Vos)— V 



Fig. 3 — Typical output high (source) 
current characteristics. 
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AMBIENT TEMPERATURE (Ta)-25*C 
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CHARACTERISTIC 


Supply-Voltage Range (For T = Full 
Package-Temperature Range) 

Data Setup Time, t 5 : 

J/K Lines 


Parallel-In Lines 

Clock Pulse Width, tyy 
Clock Input Frequency, fQL 
Clock Rise or Fall Time, t^CL 
Reset Pulse Width, % 


LIMITS 1 

MIN. 

MAX. 

3 

18 

220 

- 

80 

_ 

60 

- 

140 

- 

50 

- 

40 

- 

200 

- 

90 

- 

60 

- 


2 

dc 

6 


8 

- 

15 

- 

15 

- 

15 

250 

- 

110 

- 

80 

- 





liisisSi iliil 




m I 




20 40 60 

LOAD CAPACITANCE (Cl)- pF 


Fig. 7 — Tyfjica! propagation delay times as a func 
tion of load capacitance (Q output). 




"" 0 5 10 15 20 

SUPPLY VOLTAGE (Vdd)-V 

UU 92CS-3036' 

Fig. 8 — Typical maximum dock input frequency 
as a function of supply voltage. 
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CD4035B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARAC- 

TERISTIC 

CONDITIONS 



LIMITS AT INDICATED TEMPERATURES Cc) 

Values at -55, +25, +125 Apply to D, F, K, H, Packages 
Values at -40, +25, +85 Apply to E Package 

u 

N 

1 

T 

S 

Vo 

(V) 

V|N 

(V) 

VdD 

(V) 

-55 

-40 

+85 

+125 

+25 

Min. 

Typ. 

Max. 

Quiescent 

Device 

Current, 

Iqq Max. 

- 

0.5 

5 

5 

5 

150 

150 

- 

0.04 

5 

mA 

- 

0,10 

10 

10 

10 

300 

300 

- 

0.04 

10 

- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 

- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

Output Low 
(Sink) Current 
IqL Min. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 

Output High 
(Source) 
Current, 

•oh 

4.6 

0.5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Voltage; 
Low-Level, 

Vql 

- 

0.5 

5 

0.05 

- 

0 

0.05 

V 


0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

005 

- 

0 

0.05 

Output 

Voltage; 

High-Level, 

Vqh Mtn. 


0.5 

5 

4.95 

4.95 

5 



0,10 

10 

9.95 

9.95 

10 

- 


0,15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage 

V I [_ Max. 

0.5,4. 5 


5 

1.5 


- 

1.5 

V 

1,9 


10 

3 


- 

3 

1.5,13.5 


15 

4 


- 

4 

Input High 
Voltage, 

V I H Min. 

0.5,4. 5 


5 

3.5 

3.5 

- 

- 

1,9 


10 

7 

7 

- 

- 

1.5,13.5 


15 

11 

11 

- 

- 

Input Current 
l|[\l Max. 


0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10-5 

±0.1 

/ja 



Fig. 9 — Typical dynamic power dissipation as a 
function of dock input frequency. 



'^DO 



Fig. 11 — Quiescent-device current test circuit. 



OUTPUTS 



NOTE • 

TEST ANY C<»fBINATION 
OF INPUTS 


92CS-2744IRI 


Vdd 

MD* 


T 

Vss 


NOTE; 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH Vqd AND Vss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
VddORVss 


92CS-27402 



92CS-I9974 


Rl 


Fig. 12 — Input-voltage test circuit. 


Fig. 13 — Input-current test circuit. 


Fig. 14 — Shift left/shift right register. 
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CD4035B Types 


Oi 02 O3 O4 



lUsing Couleur's Technique (BIDEC)^, a 
binary number (most significant bit, MSB) 
first is shifted and processed, such that the 
BCD equivalent is obtained when the last 
binary bit is clocked into the register. The 
CD4035B, with the correct conversion 
logic, can also be used as a BCD-to-binary 
converter. 


^The basic rule is: If a 4 or less is in a decade, 
shift with the next clock pulse; if a 5 or greater 
is in a decade, add 3 and then shift at the next 
clock pulse. For more information refer to 
"IRE TRANSACTIONS ON ELECTRONIC 
COMPUTERS", Dec. 1958, Pages 313-316. 

Fig. 15 - BIDEC logic. 



Fig. 16(a) — Double sequence generator. 


DYNAMIC ELECTRICAL CHARACTERISTICS 

= 25°C Input tf = 20 ns, Ci_ = 50 pF, = 200 kO. 


CHARACTERISTICS 

TEST 

CONDITIONS 

LIMITS 

UNITS 


Vdd 

(V) 

Min. 

Typ. 

Max. 

CLOCKED OPERATION 

Propagation Delay Time: 
tpHL< tpLH 


5 

- 

250 

500 

ns 

10 

- 

100 

200 

15 

- 

75 

150 

Transition Time: 

^THL' ^TLH 


5 

- 

100 

200 

ns 

10 

- 

50 

100 

15 

- 

40 

80 

Minimum Clock Pulse Width, t^ 


5 

- 

100 

200 

ns 

10 

- 

45 

90 

15 

- 

30 

60 

Clock Rise or Fall Time, t^CL, t^CL* 


5,10, 

15 

- 

- 

15 

ps 

Minimum Setup Time: 

J/K Lines 


5 

- 

110 

220 

ns 

10 

- 

40 

80 

15 

- 

30 

60 

Parallel-In-Lines 


5 

- 

70 

140 

ns 

10 

- 

25 

50 

15 

- 

20 

40 

Maximum Clock Frequency, fQ|_ 


5 

2 

4 

- 

MHz 

10 

6 

12 

- 

15 

8 

16 

- 

Input Capacitance, C||y| 

Any Input 

- 

5 

7.5 

pF 

RESET OPERATION 

Propagation Delay Time: 

^PHL' ^PLH 


5 

- 

230 

460 

ns 

10 

_ 

100 

200 

15 

- 

80 

160 

Minimum Reset Pulse Width, tyy 


5 

- 

125 

250 

ns 

10 

- 

55 

110 

15 

— 

40 

40 


*lf more than one unit is cascaded t^CL should be made less than or equal to the sum of the transition 
time and the fixed propagation delay of the output of the driving stage for the estimated capacitive 


Control = 

E = 

0 



1 


Qi 

02 

Q3 

Q4 


Qi 

02 

Q3 

04 


A 

B 

c 

D 


A 

B 

c 

D 

0 

0 

0 

0 

0 

15 

1 

1 

1 

1 

1 

1 

0 

0 

0 

14 

0 

1 

1 

1 

2 

0 

1 

0 

0 

13 

1 

0 

1 

1 

5 

1 

0 

1 

0 

10 

0 

1 

0 

1 

10 

0 

1 

0 

1 

5 

1 

0 

1 

0 

4 

0 

0 

1 

0 

11 

1 

1 

0 

1 

9 

1 

0 

0 

1 

6 

0 

1 

1 

0 

3 

1 

1 

0 

0 

12 

0 

0 

1 

1 

6 

0 

1 

1 

0 

9 

1 

0 

0 

1 

13 

1 

0 

1 

1 

2 

0 

1 

0 

0 

11 

1 

1 

0 

1 

4 

0 

0 

1 

0 

7 

1 

1 

1 

0 

8 

0 

0 

0 

1 

14 

0 

1 

1 

1 

1 

1 

0 

0 

0 

12 

0 

0 

1 

1 

3 

1 

1 

0 

0 

8 

0 

0 

0 

1 

7 

1 

1 

1 

0 


Using a control line (E) two different state sequences can be generated. 
For example, suppose the following two sequences are desired on 
command (control line E) 


Fig. 16(b) — State sequences. 
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CD4035B Types 



Fig. 17 — Binary-to-BCD converter. 



Dimensions and pad layout for CD4035BH. 

Dimensions in parentheses arc in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (1 inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +t6 mils applicable to the nominal 
dimensions shown. 
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CD4041UB Types 


CMOS Quad 

True/Compiement Buffer 

High Voltage Types (20-Volt Rating) 

The RCA-CD4041UB types are quad true/ 
complement buffers consisting of n- and 
p-channel units having low channel resistance 
and high current (sourcing and sinking) 
capability. The CD4041UB is intended for 
use as a buffer, line driver, or CMOS-to-TTL 
driver. It can be used as an ultra-low power 
resistor-network driver for A/D and D/A con- 
version, as a transmission-line driver, and in 
other applications where high noise immun- 
ity and low power dissipation are primary 
design requirements. 

I neCD4041UB types are supplied in 14-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


Features: 

■ Balanced sink and source current; approximately 4 times 
standard "B" drive 

■ Equalized delay to true and complement outputs 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 pA at 18 V over 
full package temperature range; 100 nA at 
18 V and 250C 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 


Applications: 

■ High current source/sink driver 

■ CMOS-to-DTL/TTL Converter Buffer 

■ Display driver 

■ MOS clock driver 

■ Resistor network driver 
(Ladder or weighted R) 

■ Buffer 

■ Transmission line driver 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vdd) 

(Voltages referenced to Vss Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POVI/ER DISSIPATION PER PACKAGE (Pp): 

For = -40 to +60° C (PACKAGE TYPE E) 500 mW 

ForT^ = +60to+85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T^ = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

For T^ = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For T;^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T^): 

PACKAGE TYPES D, F, K, H -55 to +125°C 

PACKAGE TYPE E -40 to +85° C 

STORAGE TEMPERATURE RANGE (Tgtg) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING); 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, norrunal operating conditions should be selected so that 
operation is always within the following range: 


CHARACTERISTIC 

LIMITS 

UNITS 

Min. 

Max. 

Supply-Voltage Range (For Ta=FuII Package- 
Temperature Range) 

3 

18 

V 



DRAIN-TO- SOURCE VOLTAGE (Vos) — V 


Fig.2 — Typical output tow (sink) current 
characteristics. 




TOP VIEW 

TERMINAL ASSIGNMENT 



Fig. 1 — Schematic diagram 1 of 4 buffers. 


DRAIN -TO- SOURCE VOLTAGE (VdS)— V 



Fig.3 — Minimum low (sink) current 
characteristics. 


Fig.4 — Typical output high (source) current 
characteristics. 
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CD4041UB Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARAC- 

TERISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES i^C) 
Values at -55, -)-25, +125 Apply to D, F, K, H, Packages 
Values at — 40,+25,+85 Apply to E Pkgs. 

UNITS 

Vo 

(V) 

V|N 

(VI 

VdD 

(V) 

-55 

-40 

+85 

+125 

+25 

Min. 

Typ. 

Max. 

Quiescent 

Device 

Current 

Iqd Max. 

- 

0,5 

5 

1 

1 

30 

30 

" 

0.02 

1 

AiA 

- 

0,10 

10 

2 

2 

60 

60 

- 

0.02 

2 

- 

0,15 

15 

4 

4 

120 

120 

- 

0.02 

4 

- 

0,20 

20 

20 

20 

600 

600 


0.04 

20 

Output Low 
(Sink) 
Current, 

IqI_ Min. 

0.4 

0,5 

5 

2.1 

1.8 

1.3 

1.2 

1.6 

3.2 


mA 

0.5 

0,10 

10 

6.25 

5.6 

4 

3.5 

5 

10 

- 

1.5 

0,15 

15 

24 

23 

15.5 

13 

19 

38 

- 

Output High 
(Source) 
Current, 

•oh Min. 

4.6 

0,5 

5 

-2.1 

-1.8 

-1.3 

-1.2 

-1.6 

-3.2 

— 

2.5 

0,5 

5 

-8.4 

-6.7 

-5.3 

-4.6 

-6.4 

-12.8 

- 

9.5 

0,10 

10 

-6.25 

-5.6 

-4 

-3.5 

-5 

-10 

— 

13.5 

0,15 

15 

-24 

-23 

-15.5 

-13 

-19 

-38 

- 

Output Volt- 
age: 

Low- Level, 
Vq|_ Max. 


0,5 

5 

0.05 

_ 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output Volt- 
age: 

High-Level, 
Vqh Min. 


0,5 

5 

4.95 

4.95 

5 


- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage, 

V||_ Max. 

0.5,4.5 

- 

5 

1 

_ 

_ 

1 


1,9 

- 

mm 

2 

- 

- 

2 

1.5,13.5 

- 

mm 

2.5 

- 

- 

B 

Input High 
Voltage, 

V||_| Min. 

0.5,4.5 

- 

B 

4 

4 

_ 

_ 

1,9 

- 

mm 

8 

8 

_ 

_ 

1.5,13.5 

- 

15 

12.5 





- 


18 




±1 

■ 





DYNAMIC ELECTRICAL CHARACTERISTICS at Ta= 25°^ Input ^tf = 20 ns, 

CL = 50pF, Rl = 200 kJ2 


CHARACTERISTIC 

CONDITIONS 

ALL TYPES 
LIMITS 

UNITS 




Max. 

Propagation Delay Time: 


5 

60 

120 


tPHL, 


10 

35 

70 

ns 

tpLH 


15 

25 

50 




5 

40 

80 


Transition Time n’HL- 


10 

20 

40 

ns 

tTLH 


15 

15 

30 


Input Capacitance C|(\| 

Any Input 

15 

22.5 

pF 


DRAIN-TO-SOURCE VOLTAGE (Vos) — V 



Fig. 5 — Minimum output high (source) 
current characteristics. 



Fig.6 — Typical propagation delay time 
I'j. load capacitance. 



Fig. 7 — Typical transition time vs. 
load capacitance. 



Fig.8 — Minimum and maximum transfer 
characteristics — true output. 
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CD4041UB Types 



Fig. 9 — Minimum and maximum transfer 

characteristics — complement output. 



Fig. 11 — Typical power dissipation 1^5 
frequency per output pair. 


Vdo 



Fig. 13 — Input voltage test circuit. 


pe If AMBIENT TEMPERATURE (Ta)*25«C 



92C3-362I4 



Voo 

><I>- 

Vss 


92CS- 2740IRI 



Fig. 10 ~ Typical power dissipation vs. input 
rise & fall time per output pair. 


Fig. 12 — Quiescent device current test circuit. 


Fig. 14 - Input-leakage-current test circuit. 


Dimensions and pad layout for the CD4041UBH 



Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated 
Grid graduations are in mils (10~^ inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should considers tolerance 
of -3 mils to +76 mils applicable to the nominal 
dimensions shown. 
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CD4042B Types 


CMOS 

Quad Clocked '*D” Latch 

High-Voltage Types (20-Volt Rating) 


The RCA-CD4042B types contain four latch 
circuits, each strobed by a common clock. 
Complementary buffered outputs are availa- 
ble from each circuit. The impedance of the 
n- and p-channel output devices is balanced 
and all outputs are electrically identical. 
Information present at the data input is 
transferred to outputs Q and Q during the 
CLOCK level which is programmed by the 
POLARITY input. For POLARITY = 0 the 
transfer occurs during the 0 CLOCK level 
and for POLARITY = 1 the transfer occurs 
during the 1 CLOCK level. The outputs 
follow the data input providing the CLOCK 
and POLARITY levels defined above are 
present. When a CLOCK transition occurs 
(positive for POLARITY = 0 and negative 
for POLARITY = 1) the information present 
at the input during the CLOCK transition is 
retained at the outputs until an opposite 
CLOCK transition occurs. 


Features: 

■ Clock ^larity control 

■ Q and Q outputs 

■ Common clock 

■ Low power TTL compatible 

■ Standardized symmetrical output characteristics 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 juA at 18 V over 
full package-temperature range; 100 nA at 
18 V and 

H 5-V, 10-V, and 15-V parametric ratings 

■ Noise margin (over full package 
temperature range): 

1 V at VqD = 5 V 

2VatVDD = 10V 

2.5 V at VdD = 15 V 

B Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 

■ Buffer stora^ 

■ Holding register 

■ General digital logic 


STATIC ELECTRICAL CHARACTERISTICS 



= 


4 O — “ 

O' n 3 

^D2 


02 Q 

tO 

^ D3 ' 

- 


O 3 Q ,, 

tsO 

110°'* 

— 

n 12 

n 1 

CLOCK 


0 15 



FXa. I 

50 1 


POLARITY 
e /'^ .1^ 


92CS- 20191 

042B 

AL DIAGRAM 

VDD&f 

VssO^ CD4 

FUNCTION 



92CS-207MRI 

TERMINAL ASSIGNMENT 


The GD4042B types are supplied in 16-lead 
hermetic dual-in-line cerartiic packages (D 
and F suffixes), 16-lead*dual*-ln-line plastic 
package (E- suffix), 16-lead ceramic flat 
package <K suffix), and in chip form (H 
suffix). 



CLOCK 

POLARITY 

Q 

0 

0 

D 


0 

LATCH 

1 

1 

D 


1 

LATCH 


Fig. 1 — Logic block diagram and 
truth table. 


CHARAC- 

TERISTIC 

CONDITIONS 

LIMITS AT indicated TEMPERATURES (<>0 
Values at -55, +25, +125 Apply to D, F, K, H Pkgs. 
Values at -40,+25,+85 Apply to E Pkgs. 

UNITS 

Vo 

(V) 

V|N 

(V) 

VdD 

(V) 

-55 

-40 

+85 

+125 

+25 

Min. 

Typ. 

Ujjjjj 

Quiescent 

Device 

Current 

IqD Max. 

- 

0,5 

5 

1 

1 

30 

B9 

- 

0.02 

Bl 

pA 

- 

0,10 

10 

2 

2 


bm 

HBII 


2 

- 

0,15 

15 

4 

4 


MEM 

WBM\ 

Esa 

4 

- 

0,20 

20 

20 

mil 

misi 

mm 

- 

0.04 

mi 

Output Low 
(Sink) 
Current, 

IqL Min. 

0.4 

0,5 

5 

0.64 


ilB 


0.51 

■1 

_ 

mA 

0.5 

0,10 

10 

1.6 

1.5 

■ni 

EBI 

mm\ 

1^1 


1.5 

0,15 

15 

4.2 

4 


bm 

EQII 

mm 

- 

Output High 
(Source) 
Current, 

•oh Min. 

4.6 

0,5 

5 

-0.64 

Bilsil 

BigM 


Biiai 

-1 

- 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

BO 


- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

BO 



13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

By 


- 

Output Volt- 
age: 

Low- Level, 
Vql Max. 

_ 

0,5 

5 

0.05 

_ 


0.05 


- 

0,10 

10 

0.05 

- 

0 

Piia 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output Volt- 
age: 

High-Level, 
Vqh Min. 


0,5 

5 

4.95 

4.95 

5 

_ 

- 

0,10 

10 

9.95 


10 

- 

- 

0,15 

15 

14.95 



Hi 

Input Low 
Voltage, 

VjL Max. 

0.5,4.5 

- 

5 

1.5 

_ 

_ 

m 

1 

1,9 

- 

10 

3 

- 

_ 

3 

1.5,13.5 

- 

15 

4 

- 

- 

4 

Input High 
Voltage, 

V|j^ Min. 

0.5,4.5 

- 

5 

3.5 

ESI 

_ 

_ ‘ 

1,9 


10 

7 

7 

_ 


1.5,13.5 

- 

15 

11 

11 

- 

- 

Input 

Current, 
l||Nj Max. 

- 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

1 

±10“5 

± 0.1 

/uA 
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CD4042B Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY -VOLTAGE RANGE, (Vdd) 

(Voltages referenced to Vss Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0-5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pd): 

For T^ = -40 to +60° C (PACKAGE TYPE E) 500 mW 

ForT^ = +60to+85°C(PACKAGETYPEE) Derate Linearly at 12 mW/°C to 200 mW 

For T^ = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

For T^ = +100 to +125°C (PACKAGE TYPES D, F. K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K. H -55 to +125“ C 

PACKAGE TYPE E -40 to +85“ C 

STORAGE TEMPERATURE RANGE (Tstg) -65to+150“C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265“C 



Fig. 2 — Typical output low (sink) current 
characteristics. 


RECOMMENDED OPERATING CONDITIONS at T^ = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

Vdd 

LIMITS 

ALL TYPES 

UNITS 


(V) 

Min. 

Max. 


Supply-Voltage Range 





(For Ta=FuII Package 

Temperature Range) 


3 

18 

V 


5 

200 

_ 


Clock Pulse Width, ty\/ 

10 

100 

- 

ns 


15 

60 

- 



5 

50 

— 


Setup Time, t 5 

10 

30 

- 

ns 


15 

25 

- 



5 

120 

- 


Hold Time, t|-| 

10 

60 

- 

ns 

15 

50 

- 


Clock Rise or Fall 

5,10 

Not rise or fall 

IXS 

Time: t^ , tf 

15 

time sensitive. 


DRAIN-TO-SOURCE VOLTAGE (Vds)— V 



Fig. 5 — Minimum output high (source) 
current characteristics. 



92CS-27635 

Fig. 6 — Typical propagation delay time 1 / 5 . 
load capacitance— data to Q. 



Fig. 3 — Minimum output low (sink) current 
charac ten's tics. 

DRAIN-TO-SOURCE VOLTAGE (Vds)—V 



Fig. 4 — Typical output high (source) 
current characteristics. 



0 10 20 30 40 50 60 70 80 90 100 

LOAD CAPACITANCE (Cl) - pF 

92CS-27636 


Fig. 7 — Typical propagation delay time vs. 
load capacitance— data to Q. 
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CD4042B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T^ = 25°C; Input t^ , tf = 20 ns. Cl = 50 pF, 

Rl = 200 KQ, 


CHARACTERISTIC 

S > 

> 

LIMITS 

ALL TYPES 

UNITS 

Typ. 

Max. 

Propagation Delay 

Time: tpHL^tpLH 

Data In to Q 

5 

10 

15 

110 

55 

40 

220 

110 

80 

ns 

Data In to Q 

5 

10 

15 

150 

75 

50 

300 

150 

100 

ns 

Clock to Q 

5 

10 

15 

225 

100 

80 

450 

200 

160 

ns 

Clock to Q 

5 

10 

15 

250 

115 

90 

500 

230 

180 

ns 

Transition 

Time itjHL/ tTLH 

5 

10 

15 

100 

50 

40 

200 

100 

80 

ns 

Minimum Clock 

Pulse Width, ty\/ 

5 

10 

15 

100 

50 

30 

200 

100 

60 

ns 

Minimum Hold Time, t|-| 

5 

10 

15 

60 

30 

25 

120 

60 

50 

ns 

Minimum Setup 

Time, ts 

5 

10 

15 

0 

0 

0 

50 

30 

25 

ns 

Clock Input Rise or Fall 

Time: t,., tf 

5,10 

15 

Not rise or fall 
time sensitive. 

MS 

Input Capacitance, C||\| 

(Any Input) 

- 

5 

7.5 

pF 
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Fig. 8 - Typical propagation delay time vs. 
load capacitance— dock to Q 


jglliii 

llljlilllHI 

llPlllli 

IIP-! 

ill 

iiiiili 

i!|l 

Bill 

III 1 

illli 


I 

Hill 

IIIII 

ISilil 

lilp 

E|||K||||||jj 

ijilljlgQ 


Iilll 

iiiii 


lliiiiil 



* 

iiiiiiiiii 1 

::::: 

iiii i 

iiiisii 

sjjj 

m 

Hill: 

...... 

Iiiiiiii: 

iiiiiiiii 

iiiiiiiiii 1 

I 

IIIII 

1 

1 

iiiiiiii 


Illllll II 

iiiiiiiii 

Iiiiiiiiii^ 

m 



It:::::: 

11111111 

m 

111 

::::::::: 


:::::::::: 

“ 

Iiiiiiiiii 

iiiiiiiiii 

i • 

i ^1^1 

ill I 




Hnill: 

Hliyiill 

iiiiiiii ii 


3IENT TEMPE 

RATURE (T*)* 

m 


0 20 40 60 80 100 120 140 

LOAD CAPACITANCE (Cl) - pF 

92CS-27638 


Fig. 9 — Typical propagation delay time vs. 
load capacitance— dock to Q. 



NOTES: 

1. FOR POSITIVE CLOCK EDGE, INPUT DATA IS LATCHED WHEN 
POLARITY IS LOW. 

2. FOR NEGATIVE CLOCK EDGE. INPUT DATA IS LATCHED WHEN 
POLARITY IS HIGH. 


92CS-27630 

Fig. 12 - Dynamic test parameters. 
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Fig. 10 - Typical power dissipation vs. 
frequency. 



Fig. 13 — Quiescent device current test circuit. 



Fig. 11 — Typical transition time vs. load 
capacitance. 


~T~ 

vss 




NOTE . 

TEST ANY COMBINATION 
OF INPUTS 


Fig. 14 — Input voltage test circuit. 


174 








Fig. IS — Input current test circuit. 


Chip Photograph, Dimensions, and Pad Layout 



Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~^ inch}. 


The photographs and dimensions of each CMOS chip 
represent a chip when it Is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +t6 mils applicable to the nominal 
dimensions shown. 




CD4043B, CD4044B Types 


CMOS Quad 3-State 
R/S Latches 

High-Voltage Types (20-Volt Rating) 
Quad NOR R/S Latch - CD4043B 
Quad NAND R/S Latch - CD4044B 


The RCA-CD4043B types are quad cross- 
coupled 3-state CMOS NOR latches and the 
CD4044B types are quad cross-coupled 3- 
state CMOS NAND latches. Each latch has a 
separate Q output and individual SET and 
RESET inputs. The Q outputs are controlled 
by a common ENABLE input. A logic “1” or 
high on the ENABLE input connects the 
latch states to the Q outputs. A logic “0” or 
low on the ENABLE input disconnects the 
latch states from the Q outputs, resulting in 
an open circuit condition on the Q outputs. 
The open circuit feature allows common bus- 
ing of the outputs. 

The CD4043B and CD4044B types are sup- 
plied in 16-lead hermetic dual-ln-line cer- 
amic packages (D and F suffixes), 16-lead 
dual-in-line plastic packages (E suffix), 16- 
lead ceramic flat packages (K suffix), and in 
chip form (H suffix). 


Features: 

■ 3-state outputs with common output 
ENABLE 

■ Separate SET and RESET inputs for 
each latch 

■ NOR and NAND configurations 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Standardized symmetrical output 
characteristics 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 juA at 18 V over 
full package temperature range; 100 nA at 
18 V and 25^0 

■ Noise margin (over full package temperature 
range): 1Vat\/QQ=5V 

2VatVDD = 10 V 
2.5 Vat Vdd = 15 V 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 

■ Holding register in multi-register system 

■ Four bits of independent storage with 
output ENABLE 

■ Strobed register 

■ General digital logic 

■ CD4043B for positive logic systems 

■ CD4044B for negative logic systems 






*ALL INPUTS PROTECTED 
BY COS/MOS INPUT 
PROTECTION NETWORK 



CD4043B 

FUNCTIONAL DIAGRAM 



CD4044B 

FUNCTIONAL 

DIAGRAM 



NC = NO CONNECTION 

CD4043B 


TERMINAL ASSIGNMENTS 


NC = NO CONNECTION 

-rc CD4044B 


50 [>>-W>-*E 


- Logic diagrams. 


X X o oc* 

0 O 1 NC+ 
10 11 
Olio 

1 1 1 A 

•OPEN CIRCUIT 

+ NO CHANGE 

A DOMINATED BYS=1 INPUT 
92CS-20211 


MAXIMUM RATINGS, Absolute-Maximum Values: ' ' cd4043b 

DC SUPPLY-VOLTAGE RANGE. (Vqd) 

(Voltages referenced to V 3 S Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0 5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pp): 

For T^ = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T^ = +60 to +85° C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T^ = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

For = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T^): 

PACKAGE TYPES D, F, K, H -55to+125°C 

PACKAGE TYPE E -40to+85°C 

STORAGE TEMPERATURE RANGE (Tstg) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265° C 


X X o oc* 

1 1 1 NC+ 

0 111 
1010 

O O 1 AA 
•OPEN CIRCUIT 
+ NO CHANGE 

A A DOMINATED BY R=0 INPUT 
92CS-20212 

TRUTH TABLES CD4044B 

Recommended Operating Conditions Ty(^=25°C 
For maximum reliability, nominal operating 
conditions should be selected so that opera- 
tion Is always within the following ranges. 


Characteristic 

Vdd 

Min. 

Max. Units 


(V) 



Supply-Voltage Range 




(T^ = Full Package 




Temperature Range) 

- 

3 

18 V 

SET or RESET 

5 

160 

- 

Pulse Width, tyy 

10 

80 

— ns 


15 

40 

- 


176 








CD4043B, CD4044B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER 


LIMITS AT INDICATED TEMPERATURES (^C) 


CONDITIONS I Values at -55, +25, +125 Apply to D,F,K,H Packages 


Values at -40, +25, +85 Apply to E Package 




^1 


Min. Typ. 


Quiescent Device 


Current, 


IDD Max 


Output Low 


(Sink) Current 


Iql Min 


Output High 
(Source) 
Current, 


Output Voltage 
Low-Level, 
Vql Max. 


2 


20 20 


1.5 1.1 


2.6 1 

- 

00 

CD 

- 


-0.42 -0.36 -0.51 


-1.3 

-1.1 I -0.9 1-1.3 



Output Voltage 
High-Level, 
Vqh Min. 




Input Current 
l||Sj Max. 



0,18 I 18 I ±0.1 



14.95 

15 

— 

— 


i:10-4 ± 
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CD4043B, CD4044B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS af Tfy=25"‘ Cjlnputtf, tf=20ns, 
Ci^50pF,Rf^=-200Kn 


DRAIN-TO-SOURCE VOLTAGE (Vds)-V 


CHARACTERISTIC 

Vnn 

ALL TYPES 


L/L/ 

(V) 

TYP. 

MAX. 

Propagation Delay 

5 

150 

300 

Time: tpHL.tpLH 

10 

70 

140 

SET or RESET to Q 

15 

50 

100 

3-State Propagation Delay 

5 

115 

230 

Time: ENABLE to Q 

10 

55 

110 

<PHZ- *PZH 

15 

40 

80 


5 

90 

180 

*PLZ' <PZL 

10 

50 

100 


15 

35 

70 

Transition Time: 

5 

100 

200 

^THL' ^TLH 

10 

50 

100 


15 

40 

80 

Minimum 

5 

80 

160 

SET or RESET 

10 

40 

80 

Pulse Width, tyy 

15 

20 

40 

Input Capacitance, 

(Any Input) C|(y| 

- 

5 

7.5 


3 AMBIENT TEMPERATURE (TaI*25*C ^ 


TEST CIRCUITS 

I0 S| AMBIENT TEMPERATURE (Ta)* 25»C =1 



AMBIENT TEMPERATURE (Ta)* 

SGEbSSK 




Pf 

isSkm 


■■■BiBIBB 

Ssniissi 


ililH 

iltf 

f 

II 



Fig. 5 — Minimum output high (source) 
current characteristics. 



LOAD capacitance (Cl)-pF 


Fig. 6 — Typical transition time vs. 
toad capacitance. 



Fig. 7 — Typical propagation delay time 
vs. load capacitance— SET, 
RESET to Q, Q. 


Fig. 8 — Typical power dissipation vs. 
frequency. 


Fig. 9 — Quiescent device current. 



MD- 

Vss 


f note: 

Vce TEST ANY COMBINATION 

OF INPUTS 

92CS-2T44IRI 



NOTE 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH Voo ANO Vss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 

Vdd or V-s 


OUTPUT — ►OUTPUT 




Fig. 10 — Input voltage. 


Fig. 11 — Input current. 


Fig. 12 - Switch bounce eliminator. 
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CD4043B, CD4044B Types 



Fig. 13 — ENABLE propagation delay time test circuit and waveforms. 










CD4045B Types 


CMOS 21 -Stage Counter 

High-Voltage Types (20-Volt Rating) 


The RCA-CD4045B is a timing circuit con- 
sisting of 21 counter stages, two output- 
shaping flip-flops, two inverter output drivers, 
and input inverters for use in a crystal oscil- 
lator. The CD4045B configuration provides 
21 flip-flop counting stages, and two flip- 
flops for shaping the output waveform for a 
3.125% duty cycle. Push-pull operation is 
provided by the inverter output drivers. 

The first inverter is intended for use as a 
crystal oscillator/amplifier. However, it may 
be used as a normal logic inverter if desired. 
A crystal oscillator circuit can be made less 
sensitive to voltage-supply variations by the 
use of source resistors. In this device, the 
sources of the p and n transistors have been 
brought out to package terminals. If external 
resistors are not required, the sources must 
be shorted to their respective substrates (Sp 
to VpQ, Sp, to Vss). See Fig. 1. The first 
inverter in conjunction with an outboard 
inverter, such as 1/6 CD4069, and Rx, Cx, 
and Rs can also be used to construct an 
RC oscillator. The following data is supplied 
as a guide in the selection of values for Rx, 
R5, and Cx used in Fig. 1 1 : 

1. Rx max = 10 with R5 = 10 MQ. 
and Cx = 50 pF 

2. Cx max = 25 juF with R3 = 560 kO 
and Rx = 50 kI2 


Features: 

■ Very low operating dissipation 

<1 mW (typ.) @ Vdd = 5 V, f0 = 1 MHz 

■ Output drivers with sink or source capability 

7 mA (typ.) @ Vqq = 5 V 

■ Medium speed (typ.T . . . f0 = 25MHz@VpQ = 1OV 

■ 100% tested for quiescent current at 20 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tentative Standard 
No. 13A, Standard Specifications for Descripiton of 
'B' Series CMOS Devices" 



MAXIMUM RAT\NGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vqq) 

(Voltages referenced to Vss Terminal) — 0.5 to -H20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0-5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq): 

For Ta = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For Ta = +60 to -^85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For Ta = -55 to +IOOOC (PACKAGE TYPES D,F.K) 500 mW 

For Ta = +1 00 to -t-1 25°C (PACKAG E TYPES D, F, K) • • - Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = full package-temperature RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F. K, H -55 to +I 25 OC 

PACKAGE TYPE E -40 to + 85 OC 

STORAGE TEMPERATURE RANGE (Tjtg) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /16 ± 1 /32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 


The CD4045B types are supplied in 1 6-lead 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
ages ( E suffix) , 1 6-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


Applications: 

■ Digital equipment in which ultra-low dissi- 

pation and/or operation using a battery 
source is required. 

■ Accurate timing from a crystal oscillator 

for timing applications such as wall clocks, 
table clocks, automobile clocks, and digital 
timing references in any circuit requiring 
accurately timed outputs at various inter- 
vals in the counting sequence. 

■ Driving miniature synchronous motors, 

stepping motors, or external bipolar tran- 
sistors in push-pull fashion. 



Fig. 1 — CD4045B and outboard components in a typical 21 -stage counter application. 
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CD4045B Types 


STATIC ELECTRICAL CHARACTERISTICS 






LIMITS AT INDICATED TEMPERATURES ( 

“O 

u 





Values at -55, +25, +125 Apply to D, F, K, H Packages 

N 

CHARACTERISTIC 

CONDITIONS 

Values at — 40,+25,+85, Apply to E Package 


1 

Vo 

(V) 

V|N 

VdD 





+25 

T 


(V) 

(VI 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 

S 

Quiescent Device 

_ 


m 

IQ 

5 

150 

150 

_ 

0.04 

5 


Current, Ipp Max. 

- 

0,10 

10 

■a 

10 

300 

300 

- 

0.04 

10 

/iA 

- 


■a 

IQI 

20 

600 

600 

- 

0.04 

20 


- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 


Output Low (Sink) 

0.4 

EH 



4.3 

2.9 

2.5 

3.6 

7 

- 


Current Iql 

0.5 

ElEl 

10 

11.2 

10.5 

7.7 

6.3 

9.1 

18 

- 


1.5 

0,15 

15 

29.4 

28 

19.6 

16.8 

23.8 

47 

- 

mA 

Output High (Source) 

4.6 

EH 

■a 

EQ 

-4.3 

-2.9 

-2.5 

-3.6 

-7 

- 

Current, IQH 

9.5 

ItSH 

■El 

BIWi 

-10.5 

-7.7 

-6.3 

-9.1 

-18 

- 


13.5 

BIB 

O 

ESI 

-28 

-19.6 

-16.8 

-23.8 

-47 

- 


Pin 15 Output 


EH 


- 

±0.1 

±0.18 

- 


Low and High 

Bisjfa 

BBl 

10 

- 

±0.2 

±0.3 

- 

mA 

Current, loL«'OH 


5IH 

■a 

- 

±0.5 

±1 

- 


Output Voltage: 

- 

EH 

■a 

0.05 

- 

- 

0.05 


Low-Level. 

-• 

BSH 

■El 

0.05 

- 

- 

0.05 


VoL Max. 

- 


■a 

0.05 

- 

- 

0.05 

V 

Output Voltage: 

— 

liH 

m 

4.95 

4.95 

. 5 

- 


High-Level, 

- 

0,10 

10 

9.95 

9.95 

10 

- 


Vqh Min. 

- 


la 

14.95 

14.95 

15 

- 


Input Low 

EEBiIBi 

- 

5 

1.5 

- 

- 

1.5 


Voltage 

■un 

- 

■El 

3 

- 

- 

3 


V|L Max. 

1.5,13.5 

- 

■a 

4 

- 

- 

4 

V 

Input High 



m 

3.5 

3.5 

- 

- 


Voltage, 

1.9 

- 

m 

7 

7 

- 

- 


V||^ Min. 

1.5,13.5 

- 

15 

11 

11 

- 

- 



- 




±0.1 

±1 

±1 

- 

±10-5 

±0.1 

ma 



RECOMMENDED OPERATING CONDITIONS 

For maximum rdiability, nominal operating conditions should be selected so that operation is 
always within the following ranges 


CHARACTERISTIC 

VdD 

(V) 

LIMITS 

UNITS 

Min. 

Max. 

Supply-Voltage Range (For T^ = Full Package- 
Temperature Range) 

- 

3 

18 

V 

Minimum Input-Pulse Width, tyy 

5 

10 

15 

i 

100 

50 

40 

ns 

Maximum Input— Pulse Frequency, f<p 
(External Pulse Source) 

5 

10 

15 

5 

12 

15 


MHz 
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CD4045B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C; Input tr, tf = 20 ns, 
CL = 50pF, Rl = 200 kQ 



CHARACTERISTIC 


Propagation Delay Time; 

0| to y or y+d out 
^PHL' tpLH 


Transition Time: 

^THL' ^TLH 



Minimum Input-Pulse Width 

tw 



Maximum Input-Pulse 
Frequency: 


Input Capacitance, 

C|N 

Variation of Output Frequency 

(Unit-to-Unit) 



liiwmiiFTO 



AMBIENT TEMPERATURE (Ta)«25’C + 


iCATE SOURCE VOLTAGE (Vcs)— 5 V 
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Fig. 2 — Typical output low (sink) current 
characteristics. 
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CD4045B Types 



Fig. 10 — Typical RC oscillator frequency as a 
function of resistance (Rx^' 

See Fig. 1 1. 



Fig. 11 — Typical RC circuit. 



Fig. 12— Quiescent-device-current test circuit. 



Vss 


TEST ANY COMBINATION 
OF INPUTS 


92CS-2744IRI 


Fig. 13 — Noise-immunity test circuit. 



NOTE: 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH Vqd and Vss’ 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Voo OR''Ss• 

9^cs-^7402 


Fig. 14 — Input-leakage-current test circuit. 



Fig. 15 — Dynamic power dissipation test circuit. 



TERMINAL DIAGRAM 
Top View 



NC=NO CONNECTION 


97- 105 

T2 463-2. 667T 


92CM- 31355 


NOTE Observe pov^/er-supply terminal connec- 
tions, Vqq is terminal No. Sand Vgg is 
terminal No. 14 (not 16 and 8 respec- 
tively, as in other CD4000B Series 1 6-lead 
devices). 


Dimensions and pad layout for CD4045B. 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~^ inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +76 mils applicable to the nominal 
dimensions shown. 
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CD4046B Types 

CMOS Micropower 
Phase-Locked Loop 

The RCA-CD4046B CMOS Micropower 
Phase-Locked Loop (PLL) consists of a low- 
power, linear voltage-controlled oscillator 
(VCO) and two different phase comparators 
having a common signal-input amplifier and 
a common comparator input. A 5.2-V zener 
diode is provided for supply regulation if 
necessary. 

The CD4046B types are supplied in 1 6-lead 
ceramic dual-in-line packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
ages (E suffix), 1 6-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 

VCO Section 

The VCO requires one external capacitor Cl 
and one or two external resistors (R1 or R1 
and R2). Resistor R1 and capacitor Cl 
determine the frequency range of the VCO 
and resistor R2 enables the VCO to have a 
frequency offset if required. The high input 
impedance (101212) of the VCO simplifies 
the design of low-pass filters by permitting 
the designer a wide choice of resistor-to- 
capacitor ratios. In order not to load the 
low-pass filter, a source-follower output of 
the VCO input voltage is provided at terminal 
10 (DEMODULATED OUTPUT). If this 
terminal is used, a load resistor (Rs) of 10 
kl2 or more should be connected from this 
terminal to Vss- R" unused this terminal 
should be left open. The VCO can be con- 
nected either directly or through frequency 
dividers to the comparator input of the 
phase comparators. A full COS/MOS logic 
swing is available at the output of the VCO 
and allows direct coupling to COS/MOS 
frequency dividers such as the RCA-CD4024, 
CD4018, CD4020, CD4022, CD4029, and 
CD4059. One or more CD4018 (Preset- 
table Divide-by-N Counter) or CD4029 (Pre- 
settable Up/Down Counter), or CD4059A 
(Programmable Divide-by-"N'' Counter), to- 
gether with the CD4046B (Phase-Locked 
Loop) can be used to build a micropower 
low-frequency synthesizer. A logic 0 on the 
INHIBIT input "enables" the VCO and the 
source follower, while a logic 1 "turns off" 
both to minimize stand-by power consump- 
tion. 


Features: 

■ Very low power consumption: 

70 mW (typ.) at VCO = 10 kHz, Vqq = 5 V 

■ Operating frequency range up to 1.4 MHz (typ.) 
at Vdq = 10 V, RI = 5 kl2 

■ Low frequency drift: 0.04%/'C (typ.) at Vqq = 10 V 

■ Choice of two phase comparators: 

Exclusive-OR network (I) 

Edge-controlled memory network with phase-pulse 
output for lock indication (11) 

■ High VCO linearity: <1% (typ.) at Vqq = 10 V 

■ VCO inhibit control for ON-OFF keying 
and ultra-low standby power con- 
sumption 

■ Source-follower output of VCO control 
input (Demod. output) 

■ Zener diode to assist supply regulation App 

■ Standardized, symmetrical output ■ FM 

characteristics ■ Fre 

■ 100% tested for quiescent current at 20 V ■ Fre 

■ 5-V, 10-V, and 15-V parametric ratings ■ Dai 

■ Meets all requirements of JEDEC Tentative " 

Standard No. 13A,"Standard Specifications “ 

for Description of 'B' Series CMOS Devices" ■ 





PHASE 
PULSES 
PHASE COMP 

I OUT ■ 
COMPARATOR^ 

I* I6 

2 I5 

3 I4 

•VOD 

-ZENER 

-SIGNAL IN 

VCO OUT- 

4 I3 

PHASE COMP 
■ H OUT 

INHIBIT- 

5 I2 

-R2T0 Vss 

CKD- 

6 II 

-RI TO Vss 

Cl(2)- 

7 » 

^DEMODULATOR 

OUT 

vss- 

8 9 

-VCO IN 


TOP VIEW 

92CS-20757RI 

TERMINAL ASSIGNMENT 


Applications: 

■ FM demodulator and modulator 

■ Frequency synthesis and multiplication 

■ Frequency discriminator 

■ Data synchronization 

■ Voltage-to-frequency conversion 

■ Tone decoding 

■ FSK — Modems 

■ Signal conditioning 

■ (See ICAN-6101) "RCA COS/MOS 
Phase-Locked Loop — A Versatile 
Building Block for Micropower 
Digital and Analog Applications" 





ALL INPUTS ARE PROTECTED 
BY COS/MOS PROTECTION 
NETWORK 


Fig. i — COS/MOS phase-locked loop block diagram. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE. (Vqd) 

(Voltages referenced to Vss Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to Vpp +0-5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq): 

For T^ = -40 to +60° C (PACKAGE TYPE E) 500 mW 

For T^ = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T^ = -55 to +100°C (PACKAGE TYPES D. F, K) 500 mW 

For T^ = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For Ty^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H -55 to +125° C 

PACKAGE TYPE E -40 to +85° C 

STORAGE TEMPERATURE RANGE (Tgtg) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 


Phase Comparators 

The phase-comparator signal input (terminal 
14) can be direct-coupled provided the signal 
swing is within COS/MOS logic levels [logic 
"0" <30% (Vdd-VsS), logic "1" > 70% 
(Vq 0— Vss)] • Fof smaller swings the signal 
must be capacitively coupled to the self- 
biasing amplifier at the signal input. 

Phase comparator I is an exclusive-OR net- 
work; it operates analagously to an over- 
driven balanced mixer. To maximize the lock 
range, the signal- and comparator-input fre- 
quencies must have a 50% duty cycle. With 
no signal or noise on the signal input, this 
phase comparator has an average output 
voltage equal to VpD/2. The low-pass filter 
connected to the output of phase comparator 
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CD4046B Types 


RECOMMENDED OPERATING CONDITIONS at T^ = Full Package-Temperature Range 
For maximum reliability, nominal operating coryditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 


Min. 

Max. 


Supply-Voltage Range VCO Section: 




As Fixed Oscillator 

3 

18 


Phased-Lock-Loop Operation 

5 

18 

V 

Supply- Voltage Range Phase Comparator Section: 




Comparators 

3 

18 


VCO Operation 

_. I 

5 

18 



DESIGN INFORMATION 

This information is a guide for approximating 
the values of external components for the 
CD4046A in a Phase-Locked-Loop system. 


The selected external components must be 
within the following ranges: 

5k^2<R1,R2, Rs <1 M^2 
Cl >100 pF at VpD>5V; 
C1>50pFatVQQ>10V 


Characteristics 

Phase 

Comparator 

Used 

Design Information 

VCO Frequency 

1 

VCO WITHOUT OFFSET 
R2 = 

VCO WITH OFFSET 

'max 

fo 

fM(N 

' 7 ^[ 

/ 1*1, 

fMAX 

fMN 

1 

1 

Voo^ 'foo 

VCO INPUT VOLTAGE 

Nfeo'Z VOO 

VCO INPUT VOLTAOE 

92CS-200l2m 

2 

Same as for No .1 

For No.Signal Input 

1 

VCO will adjust to center frequency, fo 

2 

VCO will adjust to lowest operating frequency, fmin 

Frequency Lock 

Range, 2 fi_ 

1 

2 fL = full VCO frequency range 

2 fL “ fmax~fmin 

2 

Same as for No.1 

Frequency Capture 
Range, 2 fQ 

Loop Filter 

Component 

Selection 

1 

IN R3 OUT I., io\ 

'ri'R3C2 4=02 1 /2ttfL 

I 

IN R3 OUT 

O 

For 2 fc, see Ref. (2) 

x” 

92CS-2I90I 

2 

_] 

II 

u 

Phase Angle Between 
Signal and Comparator 

1 

90° at center frequency (fo) approximating 0° 
and 180° at ends of lock range (2 ![_) 

2 

Always 0° in lock 

Locks On Harmonic of 
Center Frequency 

1 

Yes 

2 

No 

Signal Input 

Noise Rejection 

1 

High 

2 

Low 


For further information, see 

( 1 ) F. Gardner, "Phase-Lock Techniques" John Wiley and Sons, New York, 1966 

(2) G, S, Moschytz, "Miniaturized RC Filters Using Phase-Locked Loop", BSTJ, May, 1965. 


I supplies the averaged voltage to the VCO 
input, and causes the VCO to oscillate at the 
center frequency (fo). 

The frequency range of input signals on 
which the PLL will lock if it was initially 
out of lock is defined as the frequency cap- 
ture range ( 2 fc). 

The frequency range of input signals on 
which the loop will stay locked if it was 
initially in lock is defined as the frequency 
lock range (2fL). The capture range is < the 
lock range. 

With phase comparator I the range of fre- 
quencies over which the PLL can acquire 
lock (capture range) is dependent on the 
low-pass-filter characteristics, and can be 
made as large as the lock range. Phase-com- 
parator I enables a PLL system to remain 
in lock in spite of high amounts of noise 
in the input signal. 

One characteristic of this type of phase com- 
parator is that it may lock onto input fre- 
quencies that are close to harmonics of the 
VCO center-frequency. A second charac- 
teristic is that the phase angle between the 
signal and the comparator input varies be- 
tween 0*^ and 180°, and is 90° at the center 
frequency. Fig. 2 shows the typical, trian- 
gular, phase-to-output response characteristic 
of phase-comparator I. Typical waveforms 
for a CMOS phase-locked>loop employ- 
ing phase comparator I in locked condition 
of fo is shown in Fig. 3. 



92CS-20009 

Fig. 2 — Phase-comparator I characteristics 
at low-pass filter output. 


SIGNAL INPUT (TERM. 14) 


VCO OUTPUT (TERM 4)» 
COMPARATOR INPUT 
(TERM 3) 



-TLTLrLr „ 

Vqq 


VCO INPUT (TERM. 9) = 
■LOW- PASS FILTER 
OUTPUT 


— Vss 


92CS-200I0RI 


Fig. 3— Typical waveforms for CMOS phase-locked 
loop employing phase comparator in locked 
condition of fQ. 


Phase-comparator II is an edge-controlled 
digital memory network. It consists of four 
flip-flop stages, control gating, and a three- 
state output circuit comprising p- and n-type 
drivers having a common output node. When 
the p-MOS or n-MOS drivers are ON they 
pull the output up to V 0 D or down to 
VsS» respectively. This type of phase com- 
parator acts only on the positive edges of 
the signal and comparator inputs. The duty 
cycles of the signal and comparator inputs 
are not important since positive transitions 
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CD4046B Types 


STATIC ELECTRICAL CHARACTERISTICS 






LIMITS AT INDICATED TEMPERATURE (°C) 

U 

CHARAC- 

TERISTIC 

CONDITIONS 

Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at —40, +25, +85 Apply to E Package 

N 


Vo 

(V) 

V|N 

(V) 

Vqd 

(V) 





+25 

S 


-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 


VCO Section 

Output Low 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

— 


(Sink) Current 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

— 


IqL Min. 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 


Output High 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

mA 

(Source) 

2.5 

0.5 

5 

-2 

- 1.8 

-1.3 

-1.15 

- 1.6 

-3.2 

- 


Current, 

Iqh Min. 

9.5 

0.10 

10 

- 1.6 

-1.5 

- 1.1 

-0.9 

-1.3 

- 2.6 

- 


13.5 

0.15 

15 

-4.2 

-4 

- 2.8 

-2.4 

-3.4 

- 6.8 

- 


Output Voltage: 

Term. 4 

0,5 

5 

0.05 

- 

0 

0.05 


Low-Level, 

driving 

0,10 

10 

0.05 

- 

0 

0.05 


Vql Max. 

CMOS 

0,15 

15 

0.05 

- 

0 

0.05 

V 

Output 


0,5 

5 

4.95 

4.95 

5 

- 


Voltage; 

e.g. 

0,10 

10 

9.95 

9.95 

10 

— 


High-Level, 

VoH Min. 

Term. 3 

0,15 

15 

14.95 

14.95 

15 

- 


Input Current 
l||sj Max. 

- 

0,18 

18 

± 0.1 

± 0.1 

±1 

±1 

- 

±10-5 

± 0..1 

tiA 

Phase Comparator Section 

Total Device 

- 

0,5 

5 

0.2 


- 

0.1 

0.2 


Current, Iqq Max. 
Term. 14 open. 
Term. 5 = Vpp 


0.10 

10 

1 


- 

0.5 

1 

mA 

- 

0,15 

15 

1.5 


- 

0.75 

1.5 


- 

0.20 

20 

4 



2 

4 



_ 

0,5 

5 

20 


- 

10 

20 


Term. 14 = V 55 
or V 0 p, Term. 5 

= Vqd 

- 

0,10 

10 

40 


- 

20 

40 


- 

0,15 

15 

80 


_ 

40 

80 


- 

0.20 

20 

160 


— 

80 

160 


Output Low 
(Sink) Current 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 


0.5 

0.10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 


lOL Min. 

1.5 

0,15 

15 

4.2 

4 

2.8 

. 2.4 

3.4 

6.8 

- 


Output High 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

mA 

(Source) 

Current 

Iqh Min. 

2.5 

0.5 

5 

-2 

- 1.8 

-1.3 

-1.15 

- 1.6 

-3.2 

- 


9.5 

0.10 

10 

- 1.6 

-1.5 

- 1.1 

-0.9 

-1.3 

- 2.6 

- 


13.5 

0,15 

15 

-4.2 

-4 

- 2.8 

-2.4 

-3.4 

- 6.8 

- 


DC-Coupled 

Signal Input and 
Comparator Input 
Voltage Sensitivity 
Low Level 

0.5,4.5 


5 



1.5 




1.5 


1,9 

- 

10 



3 


- 

- 

3 


V|LMax. 

1.5,13.5 

- 

15 



4 


- 

- 

4 

V 

High Level 

0.5,4.5 

- 

5 



3.5 


3.5 

- 

- 


V| Min. 

1,9 

- 

10 



7 


7 

- 

- 


1.5,13.5 

- 

15 



11 


11 

- 

- 



control the PLL system utilizing this type 
of comparator. If the signal-input fre- 
quency is higher than the comparator-input 
frequency, the p-type output driver is main- 
tained ON most of the time, and both the 
n and p drivers OFF (3 state) the remainder 


of the time. If the signal-input frequency 
is lower than the comparator-input frequen- 
cy, the n-type output driver is maintained 
ON most of the time, and both the n and 
p drivers OFF (3 state) the remainder of 
the time. If the signal- and comparator- 


input frequencies are the same, but the 
signal input lags the comparator input in 
phase, the n-type output driver is main- 
tained ON for a time corresponding to the 
phase difference. If the signal- and com- 
parator-input frequencies are the same, but 




CD4046B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARAC- 

TERISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURE (°C) 
Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at -40, +25, +85 Apply to E Package 

u 

N 

T 

S 

So 

V|N 

(V) 

Vdd 

(V) 

-55 

-40 

+85 

+125 

+25 

Min. 

Typ. 

Max. 

Phase Comparator Section (cont'd) | 

Input Current 
l||vj Max. 

(except Term. 14) 

- 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10-5 

±0.1 

/iA 

3-State Leakage 
Current, 

Iqut 

0,18 

0,18 

18 

±0.1 

±0.1 

±0.2 

±0.2 

- 

±10'5 

±0.1 

mA 


‘Limit determined by minimum feasible leakage current measurement for automatic testing. 


ELECTRICAL CHARACTERISTICS at T^ = 25°C 


CHARAC- 

TERISTIC 

TEST CONDITIONS 

Vdd 

(V) 

LIMITS 

ALL TYPES 

UNITS 

Min.l Tvd. 

Max. 

VCO Section | 

Operating Power 
Dissipation, Pq 

fQ= 10 kHz 

R2 = OO 

Rl = 1 Mn 

_ Vdd 

VCO|N- 

5 

10 

15 

- 

70 

800 

3000 

140 

1600 

6000 

juW 

Maximum 

Operating 
Frequency f^^gx 

C^=50pF 

R2 = 00 

VCO|fyj = VQQ 

Rl = 10k:2 

5 

10 

15 

0.3 

0.6 

0.8 

0.6 

1.2 

1.6 

- 

MHz 

Ci = 50 pF 

R2 = 00 

VCO|n=Vqq 

Rl = 5 kl2 

5 

10 

15 

0.5 

1 

1.4 

0.8 

1.4 

2.4 

— 

Center Frequency 
(Iq) and Frequency 
Range 

^^max” ^min) 

Programmable with external components R1, R2, and Cl 

See Design Information 

Linearity 

VCOiN = 2.5 V± 0.3V, Ri = 10kr2 

5 

_ 

1.7 

_ 

% 

=5V±1V, =100kn 

10 

- 

0.5 

_ 

=5V±2.5V, =400 kl2 

10 

- 

4 

_ 

=7.5 V± 1.5 V, =100kl2 

15 

- 

0.5 

_ 

= 7.5V±5V, = 1 Mn 

15 

- 

7 

- 

Temperature - 
Frequency 
Stability: 

No Frequency 
Offset fjvilN “ ® 


5 

10 

15 

- 

±0.12 

±0.04 

±0.015 

- 

%/°C 

Frequency 

Offset 
fMIN 5^0 


5 

10 

15 

— 

±0.09 

±0.07 

±0.03 

- 

Output Duty 

Cycle 


5,10,15 

_ 

50 

_ 

% 

Output Transition 
Times, 

^THL' ^TLH 


5 

10 

15 

: 

100 

50 

40 

200 

100 

80 

ns 


the comparator input lags the signal in phase, 
the p-type output driver is maintained ON 
for a time corresponding to the phase dif- 
ference. Subsequently, the capacitor voltage 
of the low-pass filter connected to this phase 
comparator is adjusted until the signal and 
comparator inputs are equal in both phase 
and frequency. At this stable point both p- 
and n-type output drivers remain OFF and 
thus the phase comparator output becomes 
an open circuit and holds the voltage on the 
capacitor of the low-pass filter constant. 
Moreover the signal at the "phase pulses" 
output is a high level which can be used for 
indicating a locked condition. Thus, for 
phase comparator II, no phase difference 
exists between signal and comparator input 
over the full VCO frequency range. More- 
over, the power dissipation due to the low- 
pass filter is reduced when this type of phase 
comparator is used because both the p- and 
n-type output drivers are OFF for most of 
the signal input cycle. It should be noted 
that the PLL lock range for this type of phase 
comparator is equal to the capture range, 
independent of the low-pass filter. With no 
signal present at the signal input, the VCO 
is adjusted to its lowest frequency for phase 
comparator II. Fig. 10 shows typical wave- 
forms for a CMOS PLL employing phase 
comparator II in a locked condition. 



Fig. 4 — Typical center frequency as a function of 
Cl and R1 at Vi^U = 5 V, 10 V,and15V. 



VCO TIMING CAPACITOR (Cl) — 92CS-30353 


Fig. 5 — Center frequency as a function of Cl and 
R1 for ambient temperatures of 
-55 C to 125°C. 
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CD4046B Types 


ELECTRJCAL CHARACTERISTICS at T^ = 25°C 


CHARAC- 

TERISTIC 

TEST CONDITIONS 


LIMITS 

ALL TYPES 

UNITS 

(V) 

Min. 

Typ. 

Max. 

1 VCO Section (cont'd) | 

Source- Follower 
Output (Demodu- 
lated Output): 

Offset Voltage 

(VCOin-Vdem) 

RSMOkn 

1 

1 

1.8 

1.8 

1.8 

2.5 

2.5 

2.5 

V 

Linearity 

=ls=100 kO. 

= 300 kn 
= 500 kn 

VCO|n = 2.5±0.3V 
= 5±2.5V 

= 7.5±5V 

5 

10 

15 

1 

m 

■ 

% 

Zener Diode 

Voltage (V^) 

l2 = 50 ijlA 


4.45 

5.5 

6.15 

V 

Zener Dynamic 
Resistance, 

Iz = 1 mA 


- 

40 

- 

a 

Phase Comparator Section 

Term. 14 (SIGNAL 
IN) Input 
Resistance R -|4 


5 

10 

15 

1 

0.2 

0.1 

2 

0.4 

0.2 

- 

Mn 

AC Coupled 

Signal Input 
Voltage Sensi- 
tivity* (peak- 
to-peak) 

f|N = 100kH2. 
sine wave 

5 

10 

15 

- 

180 

330 

900 

360 

660 

1800 

mV 

Propagation Delay 
Times, Terms. 14 
to 13; High to 

Low Level, tp^L 


5 

10 

15 

- 

225 

100 

65 

450 

200 

130 

ns 

Low to High 

Level, tpLH 


5 

10 

15 

~ 

350 

150 

100 

700 

300 

200 

ns 

3-State Propagation 
Delay Times, 

Terms. 14 to 13; 
High Level to 

High Impedance, 

^PHZ 






ns 

Low Level to 

High Impedance, 
^PLZ 


5 

10 

15 


285 

130 

95 

1 

ns 

Input Rise or Fall 
Times, t^, t^ 
Comparator 

Input, Term. 3 

See Fig. 5 for Phase Comp. 11 
output loading 

5 

10 

15 

- 

- 

50 

1 

0.3 

jUS 

Signal Input, 

Term. 14 


5 

10 

15 

- 

- 

500 

20 

2.5 

ps 

Output Transition 
Times. tjHL'^TLH 


5 

10 

15 

- 

100 

50 

40 

200 

100 

80 

ns 


* For sine wave, the frequency must be greater than 10 kHz for Phase Comparator II. 



Fig. 6 - Typical frequency offset as a function of 
Cl and R2 for V^n ’‘SV.W K and 

15 V. 



Fig. 7 - Frequency offset as a function of 
Cl and R2 for ancient temper-^ 
aturesof-SS Cto 125 C. 



Fig. 8 - Typical as a function of 

R2/R1. 



Fig. 9 - Typical VCO power dissipation at center 
frequency as a function pf R1, 
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CD4046B Types 


SIGNAL INPUT (TERM. 14) 

VCO OUTPUT (TERM 4 ) = 
COMPARATOR INPUT 
(TERM 3) 

PHASE COMPARATOR D 
OUTPUT (TERM. 13) 


VCO INPUT (TERM 9) = 

= LOW-PASS FILTER 
OUTPUT 

PHASE PULSE (TERM I) 


PHASE 13 20 Kfl 

COMPARATOR HO — ^A/V — 
OUTPUT 


Fig. 10 — Typical waveforms for COS/MOS phase-locked loop Fig. 11 — Phase comparator II 


employing phase comparator II in locked condition. 


output loading circuit. 


AMBIENT TEMPERATURE (T;^)»25•C| I 
VC0|N = Vss Cl'SOpF II 









- 



AMBIENT TEMPERATURE (T^) *25*0 
VCOiN ‘VdD''2. RI*R2'® 








; 


- 



>8, 2 468, 2 468 

10^ 10^ 10 
Rl — ka 92CS-3035I 



Fig. 13 — Typical source follower power 
dissipation as a function of Rs. 


2 468 2 468,2 468,2 468- 

I 10 lO'^ 10^ 10 

SIGNAL INPUT FREQUENCY (fj^) — kHz 92CS-30350 

Fig. 14 — AC-coupled signal input voltage as a 
function of signal input frequency. 


20 3,0 40 ^0 6,0 7,0 8p 88 



96-104 

(2.438-2.642) 


R2 — kll 92CS-30349 

Fig. 12 - Typical VCO power dissipation at fj^n^ 
as a function of R2. 


AMBIENT TEMPERATURE (T;^) *25*0 
Vqd’ 10 V.VC0||ij»5 Vtl V,R2»(0 | 


_|2 468 2 468 2 468,2 468 

10 ' I 10 10^ 1C 

Rl— kn 92CS-30345 

Fig. 15 - Typical VCO linearity as a function of 
Rl and Cl at 10 V. 


8 AMBIENT TEMPERATURE (Ta)*25*C 
6 Vdo"I5V,VCO,n*7.5±I.5V,R2-oo 


CI*50pF 100 pF O.I/iF.- 


-INEARITY* ; x 100 >001 ^F 

° . 0.1 mF 


Rl — kH 92CS-30344 


Fig. 16 — Typical VCO linearity as a function of 
Rl and Cl at Vnn= 15 V. 


(0.102-0.254) 


(2.159-2.362) 


92CM-36467 


Dimensions and pad layout for CD4046BH. 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils ( 10 ” 5 inch). 
The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4047B Types 


CMOS Low-Power 

Monostable/Astable 

Multivibrator 

High Voltage Types (20-Volt Rating) 

The RCA-CD4047B consists of a gatable 
astable multivibrator with logic techni- 
ques incorporated to permit positive or 
negative edge-triggered monostable 
multivibrator action with retriggering and 
external counting options. 

Inputs inclu de +TRIG GER, -TRIGGER, 
ASTABLE, ASTABLE, RETRIGGER, and 
EXTERNAL RESET. Buffered outputs are 
Q, Q, and OSCILLATOR. In all modes of 
operation, and external capacitor must be 
connected between C-Timing and RC- 
Common terminals, and an external 
resistor must be connected between the 
R-Timing and RC-Common terminals. 
Astable operation is enabled by a high 
level on t he ASTAB LE input or a low level 
on the ASTABLE input, or both. Th^ 
period of the square wave at the Q and Q 
Outputs in this mode of operation is a 
function of the external components 
employed. “True” input pulses on the 
ASTAB LE input o r “Complement” pulses 
on the ASTABLE Input allow the circuit to 
be used as a gatable multivibrator. The 
OSCILLATOR output period will be half of 
the Q terminal output in the astable 
mode. However, a 50% duty cycle is not 
guaranteed at this output. 

The CD4047B triggers in the monostable 
mode when a positive-going edge occurs on 
the + TRIGGER-input while the -TRIGGER is 
held low. I nput pulses may be of any duration 
relative to the output pulse. 

If retrigger capabiiity is desired, the 
RETRIGGER input is pulsed. The retrIg- 
gerable mode of operation is limited to 
positive-going edge. The CD4047B will 
retrigger as long as the RETRIGGER-input 
is high, with or without transitions (See 
Fig. 34). 

An external countdown option can be im- 
plemented by coupling “Q” to an external 
“N” counter and resetting the counter 
with the trigger pulse. Th e counter o utput 
pulse is fed back to the ASTABLE input 
and hgs a duration equal to N times the 
period of the multivibrator. 

A high level on the EXTERNAL RESET in- 
put assures no output pulse during an 
“ON” power condition. This input can 
also be activated to terminate the output 
pulse at any time, for monostable opera- 
tion, whenever Vp 0 is applied, an internai 
power-on reset circuit will clock the Q out- 
put low within one output period (tf^). 

The CD4047B-Series types are supplied in 
14-lead hermetic dual-in-line ceramic pack- 
ages (D and F suffixes), 14-lead dual-in-line 
plastic packages (E suffix), 14-lead ceramic 
flat packages (K suffix), and in chip form (H 
suffix). 


Features: 


u Low power consumption: special CMOS 
oscillator configuration 

u Monostable (one-shot) or astable (free-running) 
operation 

m True and complemented buffered outputs 
m Only one external R and C required 

■ Buffered inputs 

m 100% tested for quiescent current at 20 V 
m Standardized, symmetrical output 
characteristics 

m 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC 

Tentative Standard No. 13B, 

“Standard Specifications for 
Description of ‘B’ 

Series CMOS Devices” 



9aCS-2l43IRI 


Terminal Diagram 


Monostable Multivibrator Features: 

■ Positive- or negative-edge trigger 

■ Output pulse width independent of 

trigger pulse duration 

■ Retriggerable option for pulse width 

expansion 

m Internal power-on reset circuit 

■ Long pulse widths possible using small 

RC components by means of exter- 
nal counter provision 
B Fast recovery time essentially indepen- 
dent of pulse width 
m Pulse-width accuracy maintained at 
duty cycles approaching 100% 

Astable Multivibrator Features: 

m Free-running or gatable operating 
modes 

m 50% duty cycle 


B Oscillator output available 
B Good astable frequency stability: 
Frequency deviation: 

= ±2% -h 0.03%/°C @ 100 kHz 
= ±0.5% ±0.015%/°C @ 10kHz 
(circuits “trimmed” to frequency 
Vqq = 10 V ± 10%) 


Applications: 

Digital equipment where low-power 
dissipation and/or high noise immunity 
are primary design requirements: 

B Envelope detection 
B Frequency multiplication 
B Frequency division 
B Frequency discriminators 
B Timing circuits 
B Time-delay applications 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so 
that operation is always within the following ranges: 


CHARACTERISTIC ' 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage Range (For Ty^ = Full Package-Temperature 
Range) 

3 

18 

V 

NOTE: IF AT 15 V OPERATION A 10 MQ RESISTOR IS USED THE OPERATING 
TEMPERATURE SHOULD BE BETWEEN -25°C and 100°C 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SU PPLY-VOLTAGE RANGE, (Vdd) 

(Voltages referenced to Vss Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0-5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq): 

For T^ = -40 to +60° C (PACKAGE TYPE E) 500 mW 

For T^ = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 


For T* = -55 to +100°C (PACKAGE TYPES D, F, K) . 


. 500 mW 


ForT^ = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, U -55 to +125° C 

PACKAGE TYPE E -40to+85°C 

STORAGE TEMPERATURE RANGE (Tgtg) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 
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CD4047B Types 


CD4047B FUNCTIONAL TERMINAL CONNECTIONS 

NOTE: IN ALL CASES EXTERNAL RESISTOR BETWEEN TERMINALS 2 AND 3^ 
EXTERNAL CAPACITOR BETWEEN TERMINALS 1 AND 3A 



TERMINAL CONNECTIONS 

OUTPUT 

OUTPUT PERIOD 

FUNCTION 

TO Vdd 

TOVss 

INPUT 

TO 

PULSE 

FROM 

OR 

PULSE WIDTH 

Astable Multivibrator: 






Free Running 

4,5,6,14 

7,8,9,12 

— 

10,11,13 

t A (10,11) = 4.40 RC 

True Gating 

4,6,14 

7,8,9,12 

5 

10,11,13 

tA (13) = 2.20 RC^ 

Complennent Gating 

6,14 

5,7,8,9,12 

4 

10,11,13 

Monostable Multivibrator: 






Positive-Edge Trigger 

4,14 

5,6,7,9,12 

8 

10,11 


Negative-Edge Trigger 

4,8,14 

5,7,9,12 

6 

10,11 

tM (10.11) =2.48RC 

Retriggerable 

4,14 

5, 6.7, 9 

8,12 

10,11 

External Countdown 

14 

5,6,7,8,9,12 

— 

10,11 



A See Text. 

^ First positive Vz cycle pulse-width = 2.48 RC, see Note on Page 10. 

* Input Pulse to Reset of External Counting Chip External Counting Chip Output To Terminal 4 



Fig. 1—CD4047B logic block diagram. 
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Fig. 3— Detail iogic diagram for flip-flops FF1 and FF3 (a) and for flip-flops FF2 and FF4 (b). 




Fig. 4— Typical output low (sink) current Fig. 5— Minimum output low (sink) current 


characteristics. characteristics. 

STATIC ELECTRICAL CHARACTERISTICS 


CHARAC- 

TERIS- 

TICS 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +1 25 Apply to D, F, K, H Packages 

_>in 1 OC ■ OC C DanUanA 

UNITS 

Vo 

(V) 

V|N 

(V) 

Vdd 

(V) 

L 1 

_^25 

-55 

-40 

-f-85 

-1-125 

Min. 

Typ. 

Max. 

Quiescent 
Device Cur- 
rent, Iqd 
M ax. 

— 

0,5 

5 

1 

1 

30 

30 

— 

0.02 

1 

mA 

— 

0,10 

10 

2 

2 

60 

60 

— 

0.02 

2 

— 

0,15 

15 

4 

4 

120 

120 

— 

0.02 

4 

— 

0,20 

20 

20 

20 

600 

600 

— 

0.04 

20 

Output Low 
Low (Sink) 
Current 
iQLMin. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

— 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

— 

1.5 

0,15 

. 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 

■ 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

— 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

— 


BBI 

mm 

BO 

mm 

-1.1 

BO 

BO 

1S3 

— 



S 

BS 


[gBI 

ID 

SB 


— 

Output Volt- 
age: Low- 
Level Vql 
M ax. 




0.05 

— 


09 

V 

- 

0,10 


0.05 

— 

0 

EE9 

B 



0.05 

- 

0 

0.05 


DRAIN- TO-SOURCE VOLTAGE (Vos)—V 



Fig. 6— Typical output high (source) current 
characteristics. 


DRAIN-TO-SOURCE VOLTAGE (Vds)-V 
iS 0 


AMBIEN 

T 

EMPERATURE 

(T 
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B 

Si 

1! 
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■■ 

s: 

;s 

1? 
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JR 
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GE 
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i8 
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!8 

!S 

IB 

IB 

IB 

SI " S 

OUTPUT HIGH (SOURCE) CURRENT(Ioh)- 


Fig. 7— Minimum output high (source) current 
characteristics. 



Fig. 8— Typical propagation delay time as a 
function of load capacitance (Astable, 
Astable to Q, Q). 



Fig. 9— Typical propagation delay time as a 
function of load_capacitance ( + or 
~ trigger to Q, Q). 
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STATIC ELECTRICAL CHARACTERISTICS (CONTINUED) 


CHARAC- 

TERIS- 

TICS 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (“C) 
Values at -55, +25, +125 Apply to D, F, K, H Packages 

Af\ • OC 1 QC C 

UNITS 

■M 

V|N 

(V) 

Vdd 

(V) 



±25 

-55 1 -40 

+ 85 I+125 

Min. 

Typ. 

Max. 

Output Volt- 
age: High- 
Level, Vqh 
M in. 

_ 

0.5 

5 

4.95 

4.95 

5 



V 

— 

0,10 

10 

9.95 

9.95 

10 

— 

— 

0,15 

15 

14.95 

14.95 

15 

— 

Input Low 
Voltage, V|l 
M ax. 

0.5,4.5 

— 

5 

1.5 

— 

— 

1.5 

V 

1,9 

— 

10 

3 

— 



3 

1.5,13.5 

— 

15 

4 

— 

— 

4 

Input High 
Voltage, 
V|H Min. 

0.5,4.5 

— 

5 

3.5 

3.5 

— 

— 

1.9 

— 

10 

7 

7 

— 

— 

1.5,13.5 

— 

15 

11 

11 

— 

— 

Input Cur- 
rent l|N 
Max. 

- 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±io5 

±0.1 

pA 


DYNAMIC ELECTRICAL CHARACTERISTICS at = 25°C, Input tp tf = 20 ns, 
Cl = 50 pF, Ri = 200 kQ 


CHARACTERISTICS 

Vdd 

(V) 

LIMITS 

UNITS 

Min. 

Typ. 

Max. 

Propagation Delay Time: *PHL« ^PLH 

Astable, Astable to Osc. Out 

5 

10 

15 

— 

200 

100 

80 

400 

200 

160 

ns 

Astable, Astable to Q, Q 

5 

10 

15 

E 

350 

175 

125 

700 

350 

250 

+ or - Trigger to Q, Q 

5 

10 

15 

E 

500 

225 

150 

1000 

450 

300 

Retrigger to Q, 

5 

10 

15 

- 

300 

150 

100 

600 

300 

200 

External Reset to Q, Q 

5 

10 

15 

- 

250 

100 

70 

500 

200 

140 

Transition Timej_ ^THL> ^TLH 

Osc. Out, Q, Q 

5 

10 

15 

- 

100 

50 

40 

200 

100 

80 

Minimum Input Pulse Width: {y\j 

+ Trigger, -Trigger 

5 

10 

15 

- 

200 

80 

50 

400 

160 

100 

Reset 

5 

10 

15 

- 

100 

50 

30 

200 

100 

60 

Retrigger 

5 

10 

15 

- 

300 

115 

75 

600 

230 

150 

Input Rise and Fall Time: tp tf 

All Inputs 

5 

10 

15 

Unlimited 

MS 

Q or'Q Deviation from 50% 

Duty Factor 

5 . 

10 

15 

— 

±0.5 

±0.5 

±0.1 

±1 

±1 

±0.5 

% 

Input Capacitance, C|n 

Any 

Input 

- 

5 

7.7 

pF 



Fig. 10— Typical transition time as a function 
of load capacitance. 



Fig. 11— Typical astable oscillator or 0, Q 
period accuracy vs. supply voltage. 



Fig. 12— Typical astable oscillator or Q, TT 
period accuracy vs. supply voltage. 



Fig. 13— Typical astable oscillator or Q, Q 
period accuracy vs. supply voltage. 
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AMBIENT TEMPERATURE ( T* )- "C 

Fig. 14— Typical astable osciliator or Q, 7T 

period accuracy vs. ambient temper- 
ature (ultra-low frequency). 


AMBIENT TEMPERATURE (Ta)— *0 92CS-J2944 

Fig. 15— Typical astable oscillator or Q, "Q 

period accuracy vs. ambient temper- 
ature (iow frequency). 



AMBIENT TEMPERATURE (TaI — "C 92CS-329- 

Fig. 16— Typical astable oscillator or Q, Q 

period accuracy vs. ambient temper 
ature (medium frequency). 



-55 -35 -15 5 25 45 65 85 105 125 145 

AMBIENT TEMPERATURE (Ta )- ‘C 92CS-32946 

Fig. 17— Typical astable oscillator or Q, U 

period accuracy vs. ambient temper- 
ature (high-frequency). 



Fig. 18— Typical astable oscillator or Q, Q 
period accuracy vs. ambient 
temperature. 


AMBIENT TEMPERATURE (TA)=25'*ctt 

jcx=l/*F tt 


he Rx ° lOQ kfl, I Mfl, lOMnT 


SUPPLY VOLTAGE (Vdd)-V 92CS-S2948 

Fig. 19— Typical output pulse-width variations 
vs. supply voltage. 


AMBIENT TEMPERATURE (TA)'25*Cm 

t ICx = aiAF R4 


PlOkn.lOOkn.lMOANDIOMnf 


s rojRx--iokn,iookn,iMn4 


0 5 10 15 20 25 

SUPPLY VOLTAGE (V[3p)-V 92CS-32949 

Fig. 20— Typical output puise-width variations 
vs. supply voltage. 


SUPPLY VOLTAGE (Vod)-V 


Fig. 21— Typical output pulse-width 

variations vs. supply voltage. 



-55 -35 -I5 5 25 45 65 85 I05 I25 I4 

AMBIENT TEMPERATURE (Ta)- “C 92CS-32951 

Fig. 22—Typicai output pulse-width variations 
vs. ambient temperature. 



, , 


-50 -35 -I5 5 25 45 65 85 I05 I25 I45 

AMBIENT TEMPERATURE (Ta)-*C 92CS-32952 

Fig. 23— Typical output pulse-width variations 
vs. ambient temperature. 


^ Cx'iooopF ; 

z SUPPLY VOLTAGE (Vdd)»I5V I 



AMBIENT, TEMPERATURE (Ta) — ’C 


Fig. 24 — Typical output-pulse-width variations 
vs. ambient temperature. 


AMBIENT TEMPERATURE (Ta)-*C 


Fig. 25— Typical output pulse-width variations 
vs. ambient temperature. 
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Fig. 26— Typical power dissipation vs. output ^‘9- 27— Typical power dissipation vs. output pjg 28— Typical power dissipation vs. output 
frequency (Vqq = 5 V). frequency (Vqq = 10 V). frequency (Vqq = 15 V). 




f NOTE; 

VSS TEST ANY COMBINATION 

OF INPUTS EXCEPT PIN 3 
92CS-27441R1 





MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH Vdd ANOVss- 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
VnnORVcc- 


Fig. 29— Quiescent device current 
test circuit. 


Fig. 30— Input-voltage test circuit. 


Fig. 31— Input-leakage-current 
test circuit. 


1. Astable Mode Design Information 
A. Unit-tO'Unit Transfer- Voltage 
Variations — The following analysis 
presents variations from unit to unit as a 
function of transfer-voltage (Vjr) shift 
(33%— 67% Vqq) for free-running 
(astable) operation. 


Fig. 32— Astable mode waveforms. 


ti = -RC In . 


VdD + VjR 

typically , t-j = 1.1 RC 


t 2 = -RC In ; 

2Vdd - VjR 

typically, t 2 = 1.1 RC 

= 2(t-| -I- t2) 

= -2 RC in <Vtr)(VdD - Vjr) 

(Vdd + Vjr)(2Vqd - Vjr) 


Typ:VTR = 0.5 Vqd 
Min: Vjr = 0.33 Vqq 
Max: Vjp = 0.67 Vqq 


tA = 4.40 RC 
tA = 4.62 RC 
tA = 4.62 RC 


thus ifjtA = 4.40 RCjis used, the variation 
will be +5%, -0% due to variations in 
transfer voltage. 

B. Variations Due to Vpn and Tempera- 
ture Changes ~ in addition to variations 
from unit to unit, the astable period varies 
with Vqp and temperature. Typical varia- 
tions are presented in graphical form In 
Figs. 11 to 18 with 10 V as reference for 
voltage variations curves and 25‘’C as 
reference for temperature variations 
curves. 

II. Monostable Mode Design Information 

The following analysis presents varia- 
tions from unit to unit as a function of 
transfer-voltage (Vjr) shift (33% — 67% 
Vqd) one-shot (monostable) operation. 


TERMINAL 13 Itl'ltgi 
TERMINAL 10 J [ 


Fig. 33— Monostable waveforms. 


tl' = -RC In 


•m = (*1' + *2) 


typically, t-|' = 1.38 RC 


1m = — RC In 


(Vtr)^(Vdd - Vjr) 


(2Vdd - Vtr)(2Vdd) 

where t|^ = Monostable mode pulse, 
width. Values for tj^ are as follows: 

Typ:VTR=0.5 VpD tM = 2.48RC 

Min: Vjr = 0.33 VpD ^f^=2.7^ RC 

Max: Vjr = 0.67 Vpp t^ =2.48 RC 

thus is |tM = 2.48 RCl is used, the variation 
will be + 9.3%, -0% due to variations in 
transfer voltage. 

Note: 

In the astable mode, the first positive half 
cycle has a duration of t|^; succeeding 
durations are tA/2. 

In addition to variations from unit to unit, 
the monostable pulse width varies with 
VpQ and temperature. These variations 
are presented in graphical form In Fig. 19 
to 26 with 10 V as reference for voltage- 
variation curves and 25°C as reference for 
temperature-variation curves. 
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III. Retrigger Mode Operation 

The CD4047B can be used In the retrigger 
mode to extend the output-pulse duration, 
or to compare the frequency of an input 
signal with that of the internal oscillator. 
In the retrIgger mode the input pulse is 
applied to terminal 12, and the output is 
taken from terminal 10 or 1 1 . As shown in 
Fig. 34 normal monostable action Is ob- 
tained when one retrigger pulse is ap- 
plied. Extended pulse duration is obtain- 
ed when more than one pulse Is applied. 


larger than the CMOS “ON” resistance 
in series with it, which typically is hundreds 
of ohms. In addition, with very large values 
of R, some short-term instability with 
respect to time may be noted. 

The recommended values for these com- 
ponents to maintain agreement with 


RETRIGGER 
TERMINAL 12 


-TUL. 


_nJUbr-dX. 


OSC OUTPUT 
TERMINAL 13 


it?it2n nt2i [tiitzFntzFTitanntat 


Q OUTPUT 
TERMINAL 10 



9ECS-20029RI 

Fig. 34 — Retrigger-mode waveforms. 


For two Input pulses, tpE = ti' -I- t“| -t- 
2t2. For more than two pulses, the output 
pulse width is an integral number of time 
periods, with the first time period being 
U' + typically, 2.48RC, and all subse- 
quent time periods being ti + to, typical- 
ly, 2.2RC. 

IV. External Counter Option 

Time tM can be extended by any amount 
with the use of external counting cir- 


previously calculated formulas without 
trimming should be: 

C > 100 pF, up to any practical value, for 
astable modes; 

C > 1000 pF, up to any practical value for 
monostable modes. 

10kQ< R< 1 MQ 

VI. Power Consumption 

In the standby mode (Monostable or 

Astable), power dissipation will be a func- 


tion of leakage current in the circuit, as 
shown in the static electrical 
characteristics. For dynamic operation, 
the power needed to charge the external 
timing capacitor C is given by the follow- 
ing formulae: 

Astable Mode: 

P = 2CV2f. (Output at 
terminal No. 13) 

P = 4CV2f. (Output at 
terminal Nos. 10 and 11) 
Monostable Mode: 

p ^ (2.9CV^) (Duty Cycle) 


(Output at terminal Nos. 10 and 11) 

The circuit is designed so that most of the 
total power is consumed In the external 
components. In practice, the lower the 
values of frequency and voltage used, the 
closer the actual power dissipation will 
be to the calculated value. 

Because the power dissipation does not 
depend on R, a design for minimum power 
dissipation would be a small value of C. 
The value of R would depend on the 
desired period (within the limitations 
discussed above). See Figs. 27, 28, and 29 
for typical power consumption in astable 
mode. 


cultry. Advantages include digitally con- 
trolled pulse duration, small timing 
capacitors for long time periods, and ex- 
tremely fast recovery time. A typical Im- 
plementation is shown in Fig. 35. The 
pulse duration at the output is 

‘ext = (N - 1)(tA) + (‘m + ‘a'2) 

where tg^* = pulse duration of the cir- 
cuitry, and N is the number of counts 
used. 



92CS-2904I 

Fig. 35—lmpiementation of external counter 
option. 

V. Timing-Component Limitations 

The capacitor used in the circuit should 
be non-polarized and have low leakage 
(i.e. the parallel resistance of the 
capacitor should be at least an order of 
magnitude greater than the external 
resistor used). There is no upper or lower 
limit for either R or C value to maintain 
oscillation. 

However, in consideration of accuracy, C 
must be much larger than the inherent 
stray capacitance in the system (unless 
this capacitance can be measured and 
taken into account). R must be much 



Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~3 inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +76 mils applicable to the nominal 
dimensions shown. 


Dimensions and pad layout for CD4047B. 
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CMOS Multifunction 
Expandable 8~lnput Gate 

High-Voltage Types (20-Volt Rating) 


The RCA-CD4048B is an 8-input gate having 
four control inputs. Three binary control 
inputs — Ka, Kb, and Kc — provide the 
implementation of eight different logic func- 
tions. These functions are OR, NOR, AND, 
NAND, OR/AND, OR/NAND, AND/OR and 
AND/NOR. 

A fourth control input, Kd, provides the 
user with a 3-state output. When control in- 
put Kd is high, the output is either a logic 
1 or a logic 0 depending on the inner states. 
When control input Kd is low, the output is 
an open circuit. This feature enables the 
user to connect this device to a common 
bus line. 


In addition to the eight input lines, an 
EXPAND input is provided that permits the 
user to increase the number of inputs into a 
CD4048B (see Fig. 2). For example, two 
CD4048B's can be cascaded to provide a 
16-input multifunction gate. When the 
EXPAND input is not used, it should be 
connected to Vss- 

The CD4048B-series types are supplied in 
1 6-lead hermetic dual-in-line ceramic pack- 
ages (D and F suffixes), 16-lead dual-in-line 
plastic packages (E suffix), 16-lead ceramic 
flat packages (K suffix), and in chip form (H 
suffix). 


MAXIMUM Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE. (Vcc) 

(Voltages referenced to Vss Terminal) — O.S to -r20 V 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to Vqd +0-5 V 

DC INPUT CURRENT. ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq): 

For Ta = -40 to -J-eO^C (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +850C (PACK AG E TYPE E) Derate Linearly at 1 2 mW/^C to 200 mW 

For Ta = -55 to +100° C (PACKAGE TYPES D, F, K) 500 mW 

For Ta = +100 to +125° C (PACKAGE TYPES D, F, K) • • ■ Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = full PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H -55 to +125^0 

PACKAGE TYPE E -40 to +850C 

STORAGE TEMPERATURE RANGE (Tjtg) -65 to +150^0 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 


BINARY CONTROL INPUTS 

FUNCTION CONTROL 

Y' Kk K ' K.I 

•'.'l/CON 


Functional Diagram 


Features: 

■ Three-state output 

■ Many logic functions available in one package 

■ Standardized, symmetrical output 
characteristics 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 /lA at 18 V 
(full package-temperature range), 100 nA 
at18Vand25°C 

■ Noise margin (full package-temperature 
range) = 1 V at Vdq= 5 V, 2 V at Vpp 
= 10 V, 2.5 Vat Vdd=15 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets ail requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 


NOR 




NAND 



I 



OR/AND OR/NAND ANO/OR 



Fig. 1 — Basic logic configurations. 


AND/NOR 



RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage Range (For Ta = Full Package 
Temperature Range) 

3 

18 

V 


Applications: 

■ Selection of up to 8 logic functions 

■ Digital control of logic 

■ General-purpose gating logic 
— Decoding 

— Encoding 


J(OUTPUT) 

Xd — 



, VoD 
I5^ — EXPAND 
h-A'l 


TOP VIEW 

92CS-20246HI 


TERMINAL ASSIGNMENT 
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STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (OC) 
Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at -40, +25, +85 Apply to E Package 

UNITS 

Vo 

(V) 

l> 

VdD 

(V) 



+25 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 

Quiescent Device 
Current, 

IdD Max. 

- 

0,5 

5 

0.25 

0.25 

7.5 

7.5 

- 

0.01 

0.25 

/iA 

- 

0,10 

10 

0.5 

0.5 

15 

15 

- 

0.01 

0.5 

- 

0,15 

15 

1 

1 

30 

30 

- 

0.01 

1 

- 

0,20 

20 

5 

5 

150 

150 

- 

0.02 

5 

Output Low 
(Sink) Current 
Iql Min. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

_ 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 

Output High 
(Source) 
Current, 

Iqh Min. 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Voltage: 
Low-Level, 

Vql Max. 

- 

0,5 

5 

0.05 

- 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output Voltage: 
High-Level, 

VqH Min. 

- 

0,5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage. 

V|L Max. 

0.5.4.5 

- 

5 

1.5 


- 

1.5 

V 

1.9 

- 

10 

3 

- 

— 

3 

1.5,13.5 

- 

15 

4 

- 

- 

4 

Input High 
Voltage, 

V|H Min. 

0.5, 4.5 

- 

5 

3.5 

3.5 

- 

- 

1.9 

- 

10 

7 

7 

— 

— 

1.5,13.5 

- 

15 

11 

11 

- 

- 

Input Current 
l|N Max. 


0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10-5 

±0.1 

/iA 

' 

3-State Output 
Current, IqUT 

0,18 

0,18 

18 

±0.4 

±0.4 

±12 

±12 

- 

±10-4 

±0.4 

/iA 



0 20 40 60 80 100 

LOAD CAPACITANCE (Cl)-pF 

92CS-3I672 


Fig. 10- Typical propagation delay time 
(logic inputs to output) 
as a function of load capacitance. 



92CS-24322 


Fig. 11 — Typical transition time vs. load capacitance. 


IMPLEMENTATION OF EXPAND INPUT FOR 9 OR MORE INPUTS 


OUTPUT 

FUNCTION 

FUNCTION 
NEEDED AT 
EXPAND INPUT 

OUTPUT BOOLEAN 
EXPRESSION 

NOR 

OR 

J=(A+B+C+D+E+F+G+H)+(EXP) 

OR 

OR 

J=(A+B+C+D+E+F+G+H)+(EXP) 

AND 

NAND 

J={ABCDEFGH)‘(E>^) 

NAND 

NAND 

J=(ABCDEFGH)(EW 

OR/AND 

NOR 

J=(A+B+C+D)-(E+F+G+H)-{E)^) 

OR/NAND 

NOR 

J=(A+B+C+D)-(E+F+G+H)-(EW 

AND/NOR 

AND 

J={ABCD)+(EFGH)+(EXP) 

AND/OR 

AND 

J=(ABCD)+(EFGH)+(EXP) 


Note: (EXP) designates the EXPAND function (i.e., X^+X2+ • • X|y|). 


NOTE: 

Refer to FUNCTION 
TRUTH TABLE for 
connection of unused 
inputs. 



Fig. 12 — Typical power dissipation as a function of 
input frequency. 
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CD4048B Types 


DYNAMIC CHARACTERISTICS at Ta=250C, Cl= 50 pF, Input tr,tf=20 ns, 
R|_=200 k^2 unless otherwise specified 



TEST CONDITIONS 

LIMITS 


CHARACTERISTIC 


VdD 

All Package Types 

UNITS 



V 

Typ. 

Max. 


Propagation Delay; tpm ,tpi h 


5 

300 

600 


Inputs to Output and 


10 

150 

300 


Ka to Output 


15 

120 

240 


Kb to Output 


5 

225 

450 




10 

85 

170 




15 

55 

no 


Kc to Output 


5 

140 

280 




10 

50 

100 




15 

40 

80 

ns 






Expand Input to Output 


5 

190 

380 




10 

90 

180 




15 

65 

130 


3-State Propagation Delay: 

R, =1 |<0 

5 

80 

160 


Kd to Output tpHZ'^PLZ 

111 1 Ixu u 

See Fig. 21 

10 

35 

70 


tpZH'tpZL 

15 

25 

50 


Transition Time: tjHL'^TLH 


5 

100 

200 




10 

50 

100 




15 

40 

80 


Input Capacitance: C| 

Any Input 

5 

7 

pF 

3-State Output Capacitance 


5 

10 


Voo 



FUNCTION TRUTH TABLE 


OUTPUT 

BOOLEAN EXPRESSION 

Kg 

Kh 

Kr 

UNUSED 

FUNCTION 





INPUT* 

NOR 

J=A+B+C+D-i-E+F+G+H 

0 

0 

0 

^ss 

OR 

J=A+B+C-hD-hE+F+G+H 

0 

0 

1 

Vss 

OR/AND 

J=(A-i-B-fC+D)-(E+F-t-G+H) 

0 

1 

0 

Vss 

OR/NAND 

J=(A+B+C-hD)'(E+F-»-G+H) 

0 

1 

1 

Vss 

AND 

J=ABCDEFGH 

1 

0 

0 

VdD 

NAND 

J=ABCDEFGH 

1 

0 

1 

VdD 

AND/NOR 

j=abcd-hefgh 

1 

1 

0 

VdD 

AND/OR 

J=ABCD-hEFGH 

1 

1 

1 

Q 

Q 

> 

K^=1 Normal Inverter Action 





K(j=0 High Impedance Output 






EXPAND lnput=0 * See Figs. 1,2, 3,4, and 5. 


TEST CIRCUITS - STATIC MEASUREMENTS 



Vss 


Vdd 

K X "ss 


note; 

TEST ANY COMBINATION 
OF INPUTS 

92CS-2744IRI 


"T 

Vss 


NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH Vdd and Vss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 

VdoOR'^SS’ 


Fig. 14 — Quiescent device current 
test circuit. 


Fig. 15 — Input voltage test 
circuit. 


Fig. 16— Input current test circuit. 
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CD4048B Types 


TEST CIRCUITS ■ DYNAMIC MEASUREMENTS 


VDD 



Fig. 17 — Test circuit for tp^i_. Fig. 18 — Waveforms for tp^i_ Fig. 19 — Waveforms for t-j-^i_ 

^THL' ^TLH and tpi^j_ (AND). and tj-^p (AND), 

measurements. 



Fig. 20 — Test circuit for tp^^, tp^H' ^PLZ' 
and tpf.j2 (AND). 


Fig. 21 — Waveforms for tp^^, tpzH' 
fp[_Z' 3nd fpi..fz (AND), 




Dimensions and pad layout for CD4048BH. 

Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10~^ inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face lor 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 


of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4049UB, CD4050B Types 


CMOS 

Hex Buffer/Converters 

High-Voltage Types (20-Volt Rating) 

CD4049UB— Inverting Type 
CD4050B— Non-Inverting Type 


The RCA-CD4049UB and CD4050B are in- 
verting and non-inverting hex buffers, respec- 
tively, and feature logic-level conversion 
using only one supply (voltage (Vqq). The 
input-signal high level (V||_|) can exceed the 
Vqq supply voltage when these devices are 
used for logic-level conversions. These de- 
vices are intended for use as CMOS to 
DTL/TTL converters and can drive directly 
two DTL/TTL loads. (Vqq=5 V, Vql^ 0.4 V, 
and Iql^ 

The CD4049UB and CD4050B are designated 
as replacements for CD4009UB and CD4010B, 
respectively. Because the CD4049UB and 
CD4050B require only one power supply, 
they are preferred over the CD4009UB and 
CD4010B and should be used in place of the 
CD4009UBandCD4010Bin all inverter, cur- 
rent driver, or logic-level conversion appli- 
cations. In these applications the CD4049UB 
and CD4050B are pin compatible with the 
CD4009UB and CD4010B respectively, and 
can be substituted for these devices in existing 
as well as in new designs. Terminal No. 16 is 
not connected internallyon the CD4049UBor 
CD4050B, therefore, connection to this 
terminal is of no consequence to circuit 
operation. For applications not requiring 
high sink-current or voltage conversion, the 
CD4069UB Hex Inverter is recommended. 

The CD4049UB and CD4050B types are 
supplied In 164ead hermetic dual-in-line 
ceramic packages (D and F suffixes), 16- 
lead dual-in-line plastic packages (E suffix), 
16-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 



Features: 

■ High sink current for driving 2 TTL loads 

■ High-to-iow level logic conversion 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 juA at 18 V over full package- 
temperature range; 100 n A at 18 V and 25°C 

■ 5-, 10-, and 15-volt parametric ratings 

Applications: 

■ CMOS to DTL/TTL hex converter 

■ CMOS current “sink” or “source”’ 
driver 

” CMOS high-to-low logic-level 
converter 


c 

ol^o 

Vrr _J 


G*A 


H = B 


I*C 

J=5 


L = F 


NC = 13 
NC = 16 


92C5- 2/50* 


CD4049UB 

FUNCTIONAL DIAGRAM 


MAXIMUM RATiHGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vcc) 

(Voltages referenced to Vss Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to +20.5 V 

DC INPUT CURRENT. ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq): 

For Ta = -40 to +60OC (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +B5^C (PACKAGE TYPE E) Derate Linearly at 1 2 mW/^C to 200 mW 

For Ta = -55 to +100®C (PACKAGE TYPES D, F. K) 500 mW 

For Ta = +100 to -H250C (PACKAGE TYPES D, F, K) . . Derate Linearly at 12 mW/^C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D. F. K. H -55 to +125°C 

PACKAGE TYPE E -40 to +850C 

STORAGE TEMPERATURE RANGE (Tjtg) -65 to +150OC 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1,59 ± 0.79 mm) from case for 10 s max +265°C 


RECOMMENDED OPERATING CONDITIONS at Ta= 250C. Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges; 


CHARACTERISTIC 

LIMITS 

UNITS 

Min. 

Max. 

Supply-Voltage Range (Vqq) (For Ta=FuII Package- 
Temperature Range) 

3 

18 

V 

Input Voltage Range (V|n) 

< 

o 

o 

18 

V 


*The CD4049 and CD4050 have high-to-low-level voltage conversion capability but not 
low-to-high-level; therefore it is recommended that ^IN ^ ^CC- 



b) Schematic diagram of CD4050B, 1 of 6 identical units. 
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INPUT VOLTAGE (Vjl — V 


Fig. 2— Minimum and maximum voltage 

transfer characteristics for CD4049UB. 


AMBIENT TEMPERATURE (Ta).25*C j |i|| Ml 

SUPPLY VOLTAGE ( Vcc ) • 5 V Ml I I ’• i i M 


Output Voltage 
Low-Level, 
Vql 

Output Voltage 
High-Level, 
Vqi^ Min. 


Input Low 
Voltage : 

V| |_ Max. 
CD4049UB 


Input Low 


V||_ Max. 
CD4050B 
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CD4049UB, CD4050B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T^=25°C: Input V,tf=20 ns, 
Cl=50pF, Rl=200 kn 

I I LIMITS I 

CHARACTERISTIC I CONDITIONS I ALL PKGS. UNITS! 

Max. 

Propagation Delay Tinne: 1 5 5 I 60 I 120 

Low-to-High, tpLH 10 10 32 65 

CD4049UB _i0 5 45 90 



SUPPLY VOLTAGE (Vccl'l 


iH!!:!:! I 

i 

::::::::: : 


m 




iiiijhTiii 




V 




I":::!::::!*:!::::!:!::! 


iilH-r 


CD4050BI 10 I 


High-to-Low, tp|_|L 

5 



10 


CD4049UB 

10 



15 



15 



5 



10 


CD4050B 

10 



15 



15 


Transition Time: 

5 


Low-to-High, tjm 

10 



15 



5 


High-to-Low, t-j-^L 

10 





Fig. 8 ~ Typical voltage transfer charac- 
teristics as a function of temperature 
for CD4049UB. 


SUPPLY VOLTAGE { Vcc> 


Bil 





Fig. 9 — Typical voltage transfer charac- 
teristics as a function of temper- 
ature for CD4050B. 



ii^Eisinii 



iSijiBi OiiiSiii 
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CD4049UB, CD4050B Types 


COS/MOS 10 V LEVEL TO DTL/TTL 5 V LEVEL 





I NOTE; 

y TEST ANY ONE INPUT. 

Vcc WITH OTHER INPUTS AT 

Vcc OR Vss 


Fig. 14 — Input voltage test circuit. 


Vss 


1 ' 

Vss 


NOTE 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH Vcc ^NOVss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vcc ''ss 


1 I 0> V 


*— * 0*Vni 


Fig. 15 — Input current test circuit. 


CHIP PHOTOGRAPHS 
DIMENSIONS AND PAD LAYOUTS 


IN TERMINAL — 3. 5, 7, 9. II, OR 14 
OUT TERMINAL- 2 . 4 .6. 10. 12 , OR 15 

Vcc terminal — I 
Vss terminal— a 


92CS-20lieRI 


Fig. 16 — Logic-level conversion application. 



71-79 

(1.803-2.006) 


4-10 
(0.102-0 254) 

.54-62. 


92CM-33556 


{ 1.372-1.574) 

CD4049UBH 

Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (lOT^ inch). 


TERMINAL ASSIGNMENTS 



(1.626-1.828) 

CD4050BH 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to -^■16 mils applicable to the nominal 
dimensions shown. 



CD4049UB 




Fig. 17 - Dynamic power dissipation test circuit. 
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CD4051B, CD4052B, CD4053B Types 


CMOS Analog 

Multiplexers/Demultiplexers* 


With Logic- Level Conversion 
High- Voltages Types {20-Volt Rating) 

CD4051B — Single S-Channei 
CD4052B — Differential 4-Channel 
CD4053B — Triple 2-Channei 

RCA-CD4051B, CD4052B, and CD4053B 
analog multiplexers/demultiplexers are digi- 
tally controlled analog switches having low 
ON impedance and very low OFF leakage 
current. Control of analog signals up to 
20 V peak-to-peak can be achieved by digi- 
tal signal amplitudes of 4.5 to 20 V (if 
VdD-VsS = 3 V, a Vdd-VeE of up to 13 
V can be controlled; for VdD'VeE level 
differences above 13 V, a VqD'VsS of at 
least 4.5 V is required). For example, if 
Vdd = +4.5V, Vss = 0, and Vee = -13.5 V, 
analog signals from —13.5 V to +4.5 V can 
be controlled by digital inputs of 0 to 5 V. 
These multiplexer circuits dissipate extremely 
low quiescent power over the full VdD'Vss 
and VdD‘VeE supply-voltage ranges, inde- 
pendent of the logic state of the control 
signals. When a logic "1" is present at the 
inhibit input terminal all channels are off. 

The CD4051B is a single 8-channel multi- 
plexer having three binary control inputs. A, 
B, and C, and an inhibit input. The three 
binary signals select 1 of 8 channels to be 
turned on, and connect one of the 8 inputs 
to the output. 

The CD4052B is a differential 4-channel multi- 
plexer having two binary control inputs,. A 
and B, and an inhibit input. The two binary 
input signals select 1 of 4 pairs of channels 
to be turned on and connect the analog in- 
puts to the outputs. 

The CD4053B is a triple 2-channel multi- 
plexer having three separate digital control 
inputs. A, B, and C, and an inhibit input. 
Each control Input selects one of a pair of 
channels which are connected in a single- 
pole double-throw configuration. 

The CD4051 B. CD4052B, and CD4053B are 
supplied in t6-lead ceramic dual-in-line 
packages (D and F suffixes), 16-lead plastic 
dual-in-line packages (E suffix), 16-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix). 


* When these devices are used as demultiplexers, 
the "CHANNEL IN/OUT" terminals are the 
outputs and the "COMMON OUT/IN" terminals 
are the inputs. 


channels)^ — 

le 16 

— ''OD 

IN/OUT fe — 

2 IS 

— 2J 

COM OUT/ IN — 

3 14 

- 'L 

CHANNELS p — 

4 13 

— o( 

IN/OUT Is — 

5 12 

- si 

INH 

6 1 1 

— A 

Vee — 

7 10 

— B 

vss — 

B 9 

— C 

* CHANNELS 0?CS 


IN/OUT 


CD4051B 


Terminal Assignment 


Y CHANNELS jO 
IN/OUT (2 
COMMON "Y" OUT/IN 
Y CHANNELS 
IN/OUT ) I 



2 ( X CHANNELS 
I ( IN/OUT 
COMMON "X" OUT/IN 
0 ) X CHANNELS 

3 ( IN/OUT 


Applications: 

■ Analog and digital multiplexing and demultiplexing 

■ A/D and D/A conversion ■ Signal gating 

Features: 

■ Wide range of digital and analog signal 
levels: digital 3 to 20 V, analog to 

20Vp.p 

■ Low ON resistance: 125 12 (typ.) over 15 
Vp.p signal-input range for Vdd-Vee = 15 V 

■ High OFF resistance: channel leakage of 
±100 pA (typ.) @ Vdd-Vee = is v 

■ Logic-level conversion for digital addressing 
signals of 3 to 20 V (Vqd-Vss = 3 to 20 
V) to switch analog signals to 20 V p-p 
(Vdd-Vee = 20 V); see introductory text 

■ Matched switch characteristics: Rqn = 

5 12 (typ.) for Vdd-Vee = 15 V 

■ Very low quiescent power dissipation under 
under all digital-control input and supply 
conditions: 0.2 /uW (typ.) @ Vdd-Vss 

Vdd-Vee = io v 

■ Binary address decoding on chip 

■ 5-, 10-, and 15-V parametric ratings 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 juA at 18 V 
over full package temperature range; 

100 nA at 18 V and 25°C 

B Break-before-make switching eliminates 
channel overlap 


RECOMMENDED OPERATING CONDITIONS AT T;^ =25^0 (Unless Otherwise Specified) 

For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges. Values shown apply to all types except as noted. 


In certain applications, the external load-resistor 
current may include both V/qq and signal-line 
components. To avoid drawing Vd 0 current 
when switch current flows into the transmission 
gate inputs, the voltage drop across the bidirec- 
tional switch must not exceed 0.8 volt (calcu- 
lated from Rqn values shown in ELECTRICAL 
CHARACTERISTICS CHART). No Vdd cur- 
rent will flow through Rl if the switch current 
flows into terminal 3 on the CD4051 ; terminals 
3 and 1 3 on the CD4052; terminals 4,1 4, and 1 5 
on the CD4053. 


OUT/IN bxorby 
OUT/tN axoray 


C04052B 

Terminal Assignment 


CHARACTERISTIC 

Vdd 

Min. 

Max. 

Supply-Voltage Range 
(Ta = Full Package- 
Temp. Range) 

- 

3 

18 

Multiplexer Switch Input 
Current Capability* 

_ 

_ 

25 

Output Load Resistance 

- 

100 

- 


OUT/IN CX or CY 
IN/OUT CX 



CD4053B 

Terminal Assignment 
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CD4051B, CD4052B, CD4053B Types 


MAXIMUM Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vqq) 

(Voltages referenced to Vgg or Vgg, whichever is more negative) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq): 

For Ta = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T^ = -55 to +100°C (PACKAGE TYPES D. F, K) 500 mW 

For = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = full package-temperature range (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

package TYPES D, F, K, H -55 to +125° C 

PACKAGE TYPE E -40 to +85° C 

STORAGE TEMPERATURE RANGE (Tstg) -65 to +150^0 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 nrim) from case for 10 s max +265°C 


SUPPLY VOLTAGE (Vqd - Ve^) • 5 vra i til 


(AMBIENT TEMPERATURE : 
-I(Ta)-+I25»C 


-4 -3 -2 -I 0 1 2 ' I 

INPUT SIGNAL VOLTAGE (Vij) — V 

92CS-2703e 

Fig. 4 - Typical channel ON resistance input 
signal voltage (all types). 



Fig. 1 — Functional diagram of CD 405 IB. 

X CHANNELS IN/OUT 


SUPPLY VOLTAGE ( Vqd - Vee ) ■ 10 Vrt 


H AMBIENT temperature! 

:|(Ta)- +i2s*c 


-10 -7.5 -5 -2.5 0 2.5 5 7.5 10 

INPUT SIGNAL VOLTAGE (Vj,) — V 

92CS- 27039 

Fig.5 - Typical channel ON resistance vs. input 
signal voltage (all types). 



Y CHANNELS IN/OUT 

Fig. 2 - Functional diagram of CD4052B. 


1 ambient TEMPERATURE 

ixn.u-Lii j-mn I II 1 1 1 

(Ta) 

III 

» 25*c : i : 

: : : 1 1 1 i ; 

TTTTTrrr 


ttr 

"T 

r 


i 1 ' I — 1— *— 

t ■ j r 1 -■■ftlil 

lit 

■ 

1 

i'i:: 

Jill ill; 

TT'T + 5 SUPPLY 

V0L1 


I ttf* 






i 





p 


:|t li!i 

fllrUl 



I 

it 

IftTn 

ill 


-10 -7.5 -5 -2.5 0 2.5 5 7.5 10 

INPUT SIGNAL VOLTAGE (Vjs)— V 

92CS-2707<1RI 

Fig.6 — Typical channel ON resistance vs. input 
signal voltage (all types). 


LOGIC 

LEVEL 

CONVERSION 


^ALL INPUTS PROTECTED 
BY STANDARD COS/MOS 
PROTECTION NETWORK 


IN/OUT 
by bx ay 



Fig. 3 - Functional diagram of CD4053B. 


I SUPPLY VOLTAGE ( Vqd - Vee > * 15 V ii 


- ambient temperature tH 

:(Ta)-+I25*C 1 


-10 -7.5 -5 -2.5 0 2.5 5 7.5 10 

INPUT SIGNAL VOLTAGE (Vj,) — V 

92CS- 27040 

Fig.7 — Typical channel ON resistance vs. input 
signal voltage (all types). 
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CD4051B, CD4052B, CD4053B Types 

ELECTRICAL CHARACTERISTICS 



CONDITIONS 

LIMITS at Indicated Temperature (°C) 

\/flliia« at -Rfi +9*1 +19<; Anniv tn n F K H Pkas. 


CHARAC- 

Vi. 

Vee 

Vss 

Vdd 

Values at -40, +25, +85 apply to E pkgs. 

Units 

TERISTIC 

(V) 

(V) 

(V) 

(V) 

+25 

CC Afk J.OC itoc 







□O — ▼OO T 1 zo 1 I 

Mln.| Typ. | Max. 



SIGNAL INPUTS (Vj,) AND OUTPUTS (Vqs) 


Quiescent Device 




5 

5 

5 

Current, IqD 




10 

10 

10 

Max. 




15 

20 

20 





20 

100 

100 

On-State 

Resistance 

0<Vis<VDD 


0 

0 

5 

800 

850 

ron Max. 


0 

0 

10 

310 

330 



0 

0 

15 

200 

210 

Change in On- 
State Resistance 
(Between Any 
Two Channels) 


0 

0 

5 



^ •'on 


0 

0 

10 

_ 

- 



0 

0 

15 

- 

- . 

OFF Channel 
Leakage Current: 

Any Channel 

OFF Max. 
or 

All Channels 

OFF (Common 
OUT/IN) Max. 


0 

0 

18 

±100* 

Capacitance: 
Input, Cjs 



I 




Output, Cqs 

CD4051 





_ 

_ 

CD4052 


-5 

-5 

5 

- 

- 

CD4053 






- 

Feedthrough, 

Cios 





1 

- 

Propagation Delay 
Time (Signal In- 
put to Output 

Vdd 

1 

R|'=200kfi 

5 




JT- 

Cl = ! 

50 pF 

10 


- 



tr,tf = 

20 ns 

15 

- 

- 





- ± 0.01 ± 100 * 



Fig.8 — Typical ON characteristics for 
1 of 8 channels (CD4051B). 


10* AMBIENT TEMPERATUREITa) • 25*C. — ' 

ALTERNATING “0'' AND I PATTERN Itbll-mi-uii 

LOAD CAPACITANCE(C|_) » 50 pF / Vqo 

10^ — = = = ^ 1::: ^°%4029 ~ 

rTT" 

[/]/{ X ^lOOfl II 10 9 


100 n ^ ■ 


10 10* I03 10** 10® 

SWITCHING FREOUENCY(t) — kHi 


Fig.9 — Typical dynamic power dissipation 
vs. switching frequency (CD4051B). 


10® AMBIENT TEMPERATURE (T^)* 25‘ ' ' ' " ' ' 

^ alternating 'o' and *1* PATTERN , ^ 

\ LOAD CAPACITANCE (Cl) * 50 pF ^ y TEST CIRCUl 


* Determined by minimum feasible leakage measurement for automatic testing. 




Fig. 10— Typical dynamic power dissipation 
vs. switching frequency (CD4052B). 


^ AMBIENT TEMPERATURE(Ta) • 25*C “ 
ALTERNATING “0“ AND "l" PATTERI^ Z 
load CAPACITANCECCl) • 50 pF X 




Fig. 11 — Typical dynamic power dissipation 
vs. switching frequency (CD4053B). 





Vss ' 0 V 



Vss = 0 V 

— 

8 

Vee^-'Ov 

— 

e 

vee^-sv 


The ADDRESS (digital-control inputs) and INHIBIT logic levels are: 
"0" = Vss and "1 " = Vqd. The analog signal (through the TG) may 
swing from to Vq0. 

Fig. 12 — Typical bias voltages. 
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CD4051B, CD4052B, CD4053B Types 


ELECTRICAL CHARACTERISTICS (Cont'd) 


CHARAC- 

TERISTIC 

CONDITIONS 

LIMITS at Indicated Temperature (°C) 
Values at -55, +25, +125 Apply to D, F, K, H, Pkg 
Values at -40,+2S,-t-85, apply to E pkgs 

Units 

Vi, 

(V) 

< 

m 

Vss 

(V) 

VdD 

(V) 

-55 

-40 

+85 

+125 

+25 

Min.| Typ. | Max. 

CONTROL (ADDRESS or INHIBIT) Vc 

Input Low 
Voltage, V|i_ 
Max. 

=VdD 

thru 

1 kn 

vee=vss 

Rl=i kn 
to Vss 
l|S< 2 iiA 
on all OFF 

Channels 

5 

1.5 



1.5 

V 

10 

3 

- 

- 

3 

15 

4 

- 

- 

4 

Input High 
Voltage, Vj|_j 

Min. 

5 

3.5 

3.5 

- 

- 

10 

7 

7 

- 

- 

15 

11 

11 

- 

- 

Input Current, 
l|(Vj Max. 

V|n = 0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10-5 

±0.1 

mA 

Propagation 

Delay Time: 

Address-to- 
Signal OUT 
(Channels ON 
or OFF) See 
Figs.14,15,18 

tp tf = 20 ns, Cl = 50 pF 
Rl= 1k n 






450 

720 

ns 


0 

0 

5 

0 

0 

10 

- 

- 

- 

- 

- 

160 

320 

0 

0 

15 

- 

- 

- 

- 

- 

120 

240 

-5 

0 

5 

- 

- 

- 

- 

- 

225 

450 

Inhibit-to- 
Signal OUT 
(Channel turn- 
ing ON) 

See Fig. 14 

Rl = 1k n,CL = 50 pF 
tp tf = 20 ns 






400 

720 

ns 


0 

0 

5 

0 

0 

10 

- 

- 

- 

- 

- 

160 

320 

0 

0 

15 

- 

- 

- 

- 

- 

120 

240 

-10 

0 

5 

- 

- 

- 

- 

- 

200 

400 

Inhibit-to- 
Signal OUT 
(Channel turn- 
ing OFF) 

See Fig. 15 

Rl = Ik n,CL = 50 pF 
tp tf = 20 ns 






200 

450 

ns 


0 

0 

5 

0 

0 

10 

- 

_ 

- 

- 

- 

90 

210 

0 

0 

15 

- 

- 

- 

_ 


70 

160 

-10 

0 

5 

- 

- 

- 

- 

- 

130 

300 

Input 

Capacitance, Cij^g 
(Any Address 
or Inhibit Input) 


- 

- 

- 

- 

- 

5 

7.5 

pF 


INPUT STATES 

"ON" CHANNEL(S) 

INHIBIT |C |b |a 

CD4051B 1 

0 

□ 

□ 

□ 

0 

0 

□ 

□ 

n 

1 

0 

0 

’ 


2 


□ 

n 

D 

3 

0 

n 

□ 

□ 

4 

0 

D 

□ 

n 

5 


n 

n 

□ 

6 


D 

n 

D 

7 


□ 

□ 

□ 

NONE 

1 CD4052B 1 

INHIBIT 

B 

A 


0 

0 

0 

Ox, Oy 

0 

0 

1 

lx, ly 

0 

1 

0 

2x, 2y 

0 

1 

1 

3x, 3y 

1 

X 

X 

NONE 

1 CD4053B 1 

INHIBIT 

A or B 
or C 


0 

0 

ax or bx or cx 

0 

1 

ay or by or cy 

1 

X 

NONE 


X = Don't care 

Fig. 13 — Truth tables. 




Fig. 14 — Waveforms, channel being 
turned ON (Ri_ = 1 kO.). 



Fig. 15 - Waveforms, channel being 
turned OFF (Ri= 1 k fl ). 


TEST CIRCUITS 



Fig. 16 — OFF channel leakage current — any channel OFF. 
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CD4051B, CD4052B, CD4053B Types 


ELECTRICAL CHARACTERISTICS (Cont'd) 


CHARACTERISTIC 

TEST CONDITIONS | 

LIMITS 

UNITS 

Vis 

(V) 

VdD 

(V) 

Rl 

ikn) 


TYPICAL 

VALUE 

Cutoff (-3-dB) 
Frequency 

Channel ON 
(Sine Wave Input) 

5* 

10 

1 

Vqs at Common OUT/IN 

CD4053 

30 

MHz 

Vee = vss, 

y 

20 log — =-3dB 
V|s 

CD4052 

25 

CD4051 

20 

Vos Any Channel 


60 

Total Harmonic 
Distortion, 

THD 

2« 

5 

10 


0.3 

% 

3» 

10 

0.2 

5» 

15 

0.12 

Vee = vss. 

fis = 1 kHz sine wave 

-40-dB 

Feedthrough 

Frequency 

(All Channels OFF) 

5* 1 10 1 1 

Vqs at Common OUT/IN 

CD4053 

8 

MHz 

Vee = vss. 

Vos 

20log^=-40dB 

V|S 

CD4052 

10 

CD4051 

12 

Vqs at Any Channel 


8 

-4adB 

Signal Crosstalk, 
Frequency 

5* 

10 

1 

Between Any 2 Channels 

3 

MHz 

Between 

Sections 

Measured on Common 

6 

Measured on Any 

Channel 

10 

Vee = vss. 

Vos 

20 log— =-40dB 
Vis 

CD4052 

Only 

Between 
Any 2 
Sections 

CD4053 

Only 

In Pin 2, Out Pin 14 

2.5 

In Pin 15, Out Pin 14 

6 

Address-or-lnhibit- 
to Signal Crosstalk 

- 

10 

10# 


65 

mV 

(Peak) 

VeE=0,Vss=0. tr,tf 
= 20 ns , Vc = VdD 
-Vss(Square Wave) 


• Peak-tO'peak voltage symmetrical about Vqd — Vee 

- 

# Both ends of channel 


TEST CIRCUITS (Cont'd) 





channels OFF. 



CD4052 CD4053 

Fig. 18 — Propagation delay — address input to signal output. 



tpHu and tpLH 

CD4051 

Fig. 19 — Propagation delay — inhibit input to signal output. 


tpHL and tpLH 

CD4052 


tpHL and tpLH 

CD4053 

g?cs-?/’045 
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CD4051B, CD4052B, CD4053B Types 


TEST CIRCUITS (Cont'd) 



92CS-30932 


92CS- 30933 


MEASURE <2 ON ALL MEASURE <2 «LL 

"OFF" CHANNELS (e g, CHANNEL 6) "OFF" CHANNELS (e g CHANNEL 2x) 



MEASURE <2 ;xA ON ALL 


"OFF" CHANNELS (e g CHANNEL by) 


Fig.21 — Quiescent device current. 


Fig. 20 — Input voltage test circuits (noise immunity). 



92CS-227I6 

Fig. 22 — Channel ON resistance 
measurement circuit. 




NU 1 1 : 

MEASURE INPUTS 


SEQUENTIALLY. TO BOTH 
Vqd and Vgg CONNECT 

ALL Unused inputs to 

92CS-27048 EITHER Vojj OR Vgs • 


I 


Fig. 23 - Input current. 



Fig.24 — Feedthrough (all types). 


Fig.25 — Crosstalk between any two channels (all types). 



92CS-2705I 

Fig.26 — Crosstalk between duals or triplets 
(CD4052B, CD4053B). 



92CS- 27052 


Fig.27 — Typical time-division application of the CD4052B. 
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CD4051B, CD4052B, CD4053B Types 


SPECIAL CONSIDERATIONS 
In applications where separate power sources 
are used to drive Vqd and the signal inputs, 
the Vqd current capability should exceed 
Vdd/^L (Rl “ effective external load). This 
provision avoids permanent current flow or 
clamp action on the Vdq supply when power 
is applied or removed from the CD4051B, 
CD4052B, or CD4053B. 


102 



Dimensions and pad layout for CD4051BH. 
The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 

Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid Graduations are in Mils (10~^ inch). 


10 20 30 40 50 60 70 80 88 

I I I I I I I I 


4-10 

( 0 . 102 - 0 . 254 ) 
85-93 


82-90 

( 2 . 083 - 2 . 286 ) 



( 2 . 159 - 2 . 362 ) 

92CS-35068 

Dimensions and pad layout for CD4052BH. 



Dimensions and pad layout for CD4053BH. 
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CD4054B, CD4055B, CD4056B Types 


CMOS Liquid-Crystal 
Display Drivers 

High-Voltage Types (20-Volt Rating) 
CD4054B — 4-Segment Display Driver 
CD4055B — BCD to 7-Segment Decoder/Driver 
‘"Display-Frequency" Output 
CD4056B — BCD to 7-Segment Decoder/Driver 
Strobed-Latch Function 

The RCA CD4055B and CD4056B types are 
single-digit BCD-to-7-segment decoder/driver 
circuits that provide level-shifting functions 
on the chip. This feature permits the BCD 
input-signal swings (Vdd to Vss) to be the 
same as or different from the 7-segment 
output-signal swings (Vdd to Vee). For 
example, the BCD input-signal swings (VpD 
to V 35 ) may be as small as 0 to —3 V, where- 
as the output-display drive-signal swing (Vqq 
to Vgg) may be as large as from 0 to — 15V. 
h" Vqq to V^E exceeds 15 V, VpQtoV 55 
should be at least 4V (0 to — 4V). 

The 7-segment outputs are controlled by 
the DISPLAY-FREQUENCY (DF) input 
which causes the selected segment outputs 
to be low, high, or a square-wave output 
(for liquid-crystal displays). When the DF 
Input Is low the output segments will be 
high when selected by the BCD Inputs. 
When the DF input is high, the output 
segments will be low when selected by the 
BCD inputs. When a square-wave is present 
at the DF input, the selected segments will 
have a square-wave output that is 180° out 
of phase with the DF input. Those segments 
which are not selected will have a square- 
wave output that Is in phase with the input. 
DF square-wave repetition rates for liquid- 
crystal displays usually range from 30 Hz 
(well above flicker rate) to 200 Hz (well 
below the upper limit of the liquid-crystal 
frequency response). The CD4055B pro- 
vides a level-shifted high-amplitude DF out- 
put which is required for driving the common 
electrode in liquid-crystal displays. The 
CD4056B provides a strobed-latch function 
at the BCD inputs. Decoding of all input 
combinations on the CD4055B and CD4056B 
provides displays of 0 to 9 as well as L, P, 

H, A, -, and a blank position. 

The CD4054B provides level shifting similar 
to the CD4055B and CD4056B independently 
strobed latches, and common DF control on 
4 signal lines. The CD4054B Is intended to 
provide drive-signal compatibility with the 
CD4055B and CD4056B 7-segment decoder 
types for the decimal point, colon, polarity, 
and similar display lines. A level-shifted 
high-amplitude DF output can be obtained 
from any CD4054B output line by connect- 


with 


with 


Features: 

■ Operation of liquid crystals with CMOS 
circuits provides ultra-low-power displays 

■ Equivalent ac output drive for liquid- 

crystal displays — no external capacitor required 
I Voltage doubling across display, e.g. 

Vdd “ Vee = 18 V results in effective 
36 V p-p drive across selected display 
segments 

I Low- or high-output level dc drive for 
other types of displays 
I On-chip logic-level conversion for different 
input- and output-level swings 

■ Full decoding of all input combinations: 

0-9, L, H, P, A,“, and blank positions 

■ Strobed-latch function--CD4054B Series 
and CD4056B Series 

• DISPLAY-FREQUENCY (DF) output 
for liquid-crystal common-line drive signal— 
CD4055B Series (CD4054B Series also: 
see introductory text) 

I 100% tested for quiescent current at 20 V 
I Maximum input current of 1 ju A at 18 V 
over full package temperature range; 

100 nA at 18 V and 25°C 

■ Noise margin (over full package temper- 
ature range): 

1 V at Vdd = 5 V 

2 Vat Vdd= 10 V 
2.5 Vat Vdd= 15 V 

I 5-V, 10-V, and 15-V parametric ratings 


Applications 

■ General-purpose displays 
B Calculators and meters 

■ Wall and table clocks 

■ Industrial control panels 

■ Portable lab instruments 

■ Panel meters 

■ Auto dashboard displays 

■ Appliance control panels 


ing the corresponding input and strobe lines 
to a low and high level, respectively and 
applying a square wave to DF|f\i. The 
CD4054B may also be utilized for logic-level 
"up conversion" or "down conversion". For 
example, input-signal swings (VpD to Vss) 
from +5 to 0 V can be converted to output- 
signal swings (Vdd to Vee) of +5 to —5 V. 
The level-shifted function on all three types 
permits the use of different input- and out- 
put-signal swings. The input swings from a 
low level of Vss to a high level of VpD while 
the output swings from a low level of Vee to 
the same high level of VdD- Thus, the input 
and output swings can be selected indepen- 
dently of each other over a 3-to-18 V range. 
Vss °^ 3 y be connected to Vee when no 
level-shift function is required. 

For the CD4054B and CD4056B, data are 


STROBE - 
pa ■ 
BCD ) 2' • 

inputs') 2^ ■ 
(20 H 

OIS FREQ IN 

Vee — 1 
Vss —\ 




i 7-SEGMENT 
OUTPUTS 


9205-24487 


CD4056B 

Terminal Assignment 


STROBE 4 • 
DISPLAY FREQ. IN • 
OUT 4 
OUTS 
OUT 2 
OUT I 1 

Vee —\ 
Vss 


16 


14 


12 


10 


\- Vdd 
I — IN 4 

STROBE 3 
IN3 

STR0BE2 
1 — IN2 

STROBE I 
9j — INI 

92CS-24485 


CD4054B Terminal Assignment 


DISPLAY FREQ. OUT 



92CS-24486 


CD4055B Terminal Assignment 


transferred from input to output by placing 
a high voltage level at the strobe input. A 
low voltage level at the strobe input latches 
the data input and the corresponding output 
segments remain selected (or non-selected) 
while the strobe is low. 

Whenever the level-shifting function is re- 
quired, the CD4055B can be used by itself 
to drive a liquid-crystal display (Fig. 16 and 
Fig.20). The CD4056B, however, must be 
used together with a CD4054B to provide 
the common DF output (Fig.1 9). The capa- 
bility of extending the voltage swing on the 
negative end (this voltage cannot be extended 
on the positive end) can be used to advantage 
in the setup of Fig.1 8. Fig. ,17 is common 
to all three types. 

The CD4054B-, CD4065B-, and CD4066B- 
series types are available in 16-lead ceramic 
dual-in-line packages (D and F suffixes), 1 6- 
iead plastic packages (E suffix), 16-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix). 
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CD4054B, CD4055B, CD4056B Types 



ALL INPUTS ARE 
PROTECTED BY 
CMOS PROTECTION 
NETWORK 



Fig. 1 — CD4054B functional diagram. 



ALL INPUTS ARE 
PROTECTED BY 
CMOS PROTECTION 
NETWORK 



Vss 

92CS-20092R2 


Fig.2 — CD4055B functional diagram. 



ALL INPUTS ARE 
PROTECTED BY 
CMOS PROTECTION 
NETWORK 


Voo 



92CS-20091R3 


Fig.3 — CD4056B functional diagram. 


TRUTH TABLE FOR CD4055B and CD4056B 


INPUT CODE 

OUTPUT STATE 

DISPLAY 

CHARAC- 

TER 

23 

22 

2’ 

20 

a 

b 

C 

d 

6 

f 

g 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

0 

1 1 

L_J 

0 

0 

0 

1 

0 

1 

1 

0 

0 

0 

0 

1 

1 

0 

0 

1 

0 

1 

1 

0 

1 

1 

0 

1 

1 

1 

0 

0 

1 

1 

1 

1 

1 

1 

0 

0 

1 

~i 

0 

1 

0 

0 

0 

1 

1 

0 

0 

1 

1 

1 1 

1 

0 

1 

0 

1 

1 

0 

1 

1 

0 

1 

1 

1 

1 

0 

1 

1 

0 

1 

0 

1 

1 

1 

1 

1 

! 1 

0 

1 

1 

1 

1 

1 

1 

0 

0 

0 

0 

1 

1 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 1 

1 1 

1 

0 

0 

1 

1 

1 

1 

1 

0 

1 

1 

i~i 

1 

0 

1 

0 

0 

0 

0 

1 

1 

1 

0 

!_ 

1 

0 

1 

1 

0 

1 

1 

0 

1 

1 

1 

\ \ 

1 1 


1 

0 

0 

1 

1 

0 

0 

1 

1 

1 

1 1 

1 

1 

0 

1 

1 

1 

1 

0 

1 

1 

1 

1 1 

1 1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

1 

— 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

BLANK 


g ^ 

MBIENT TEMPERATURE IT a )*25*cf 
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- 
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; 

; 

III 

/. 

1 

B 

V 

E 

0 

V 

V 

H 

J 

d 




5 
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PROPAGATION DELAY TIME 


; 


: 

1 


1 

PI 

P 

1 

: 



>.TAG^P0,*^ 

A 




; 




■ 

E 

E 

E 

: 


0 


Zi 

56 f 

5 

J 



LOAD CAPACITANCE (Ctl-pF 

9205-28489 


Fig.4 — Typical propagation delay time i/s. 
load capacitance for CD4054B. 



92CS-28488 

Fig. 5 — Typical propagation delay time vs. load 
capacitance for CD4055 and CD40S6B. 


IliH SIS 

NT TEMPERATURE (Ta)«25*C 

1 

ij 



1 

»: :::: 

:::: 

isisHlssssi 

j::::::::::: 

l■sssisils■£■siH^ 

11 1 

|SSSS|SSSSSSSSSSS| 

I 

1 

Ilii 

iili 

111! 

:: 

j; 

1 

St 

ill 


0 

20 40 

60 80 IC 

0 


LOAD CAPACITANCE (C l ) - pF 

92CS-a8490Rl 

Fig.6— Typical transition time 
load capacitance. 



92CS-26393RI 


Fig. 7 — Typical input dock frequency vs. 
power dissipation. 


214 





CD4054B, CD4055B, CD4056B Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE. (Vdd) 

(Voltages referenced to Vss Terminal) - -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0-5 V 

DC INPUT CURRENT. ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq): 

For T^ = -40 to +60° C (PACKAGE TYPE E) 500 mW 

For T^ = +60 to +85° C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T;^ = -55 to +100°C (PACKAGE TYPES D. F. K) 500 mW 

For T^ = +100 to +125°C (PACKAGE TYPES D. F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T;^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D. F, K, H -55 to +125° C 

PACKAGE TYPE E -40to+85°C 

STORAGE TEMPERATURE RANGE (Tgtg) -65tO+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 

STATIC ELECTRICAL CHARACTERISTICS 



Fig.8 — Typical n-channel output low (sink) 
current characteristics. 


Iambient temperature (Ta)*25'CH 


CONDITIONS 


Characteristic Vgg 


Quiescent Device 
Current, IqD 


Output Voltage; 

0 

Low Level, Vqi_ 0 

MAX, ~~0 

0 

High Level, Vqh 0 

MIN, 0 

Input Low p. 

Voltage, 

V|L MAX. — ^ 


Input High 
Voltage, 0 

V|H tVllKl. 0 

Output Low 
(Sink) 

Current, Iqi 0 

0 

Output High 

(Source) 0^ 

Current, Iqh 0 

Input Current, 


m 

m 

< 

in 

in 

Vo 

V|N 

Vdd 

Valuesat-4CP.+25°+85°C / 

^pply to E Package 

(V) 

IV) 

(V) 

(V) 

(V) 

-55° 

-40° 

+85° 

+ 125° 

Min. 

+250C 

Typ. 

Max. 

- 5 

0 



5 

5 

150 

150 

- 

0.04 

5 

0 

0 



10 

10 

300 

300 

- 

0.04 

10 

0 

0 



15 

20 

600 

600 

- 

0.04 

20 

0 

0 



20 

100 

3000 

3000 

- 

0.08 

100 

0 

0 


0,5 

5 

0.05 


0 

0.05 

0 

0 


0,10 

10 

0.05 

- 

0 

0.05 

0 

0 


0,15 

15 

0.05 


0 

0.05 

0 

0 


0,5 

5 

4.95 

4.95 

5 

- 

0 

0 


OJO 

10 

9.95 

9.95 

10 


0 

0 


0,15 

15 

14.95 

14.95 

15 

... 

0 

0 

o 

cn 

tn' 


5 

1.5 



1.5 

0 

0 

1,9 


10 

3 

- 

- 

3 

0 

0 1 

.5,13.5 

15 

4 

- 

- 

4 

-5 

0 

0.5,4. 5 


5 

3.5 

3.5 

- 

- 

0 


1,9 


10 

7 

7 

- 

- 

0 

0 1 

.5,13.5 


15 

11 

11 

- 

- 

-5 

0 

-4.5 


5 

0.98 

0.92 

0.67 

0.55 

0.8 

1.6 


0 

0 

0.5 


10 

0.98 

0.92 

0.67 

0.55 

0.8 

1.6 

- 

0 

0 

1.5 


15 

3.6 

3.4 

2.4 

2 

2.9 

5.8 


-5 

0 

4.5 


5 

-0.6 

- 0.55 

--0.35 

- 0.3 

-0.45 

-0.9 

- 

0 

0 

9.5 


10 

- 0.6 

0,55 

-0.35 

-0.3 

-0.45 

-0.9 

- 

0 

0 

13.5 


15 

-1.9 

1.8 

- 1.2 

-1.1 

-1.5 

-3 

- 

0 

0 

- 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

_ 

±10-5 

±0.1 




TgATE-TO-SOURCE voltage ( Vgs>* 15 vl 


DRAIN-TO-SOUR E VOLTAGE (V[jg)-V 

92CS-S59I 

Fig.9 — Minimum n-channel output low (sink) 
curren t character is tics. 

drain- TO^SOURCE VOLTAGE (Vos)— V ' i 
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[ambient temperature {Ta)*25* 
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4GATE-T0-S0URCE VOLTAGE (Vgs) 


Fig. 10 — Typical p-channel output high (source) 
current characteristics. 


DRAIN-TO-SOURCE VOLTAGE (Vds)— V 

-in 

[AMBIENT TEMPERATURE (Ta)=25*C 


r GATE -TO- SOURCE VOLTAGJ 
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■ 
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Fig. 11 — Quiescent-device-current test circuit. 


Fig. 12 — Input-voltage test circuit. 


Fig. 13 — Minimum p-channel output high 
(source) current characteristics. 
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CD4054B, CD4055B, CD4056B Types 

DYNAMIC ELECTRICAL CHARACTER ISTICS at T a = 250C, Cl = 50 pF, Input = 20 ns, 

RL = 200 ka 


CHARACTERISTIC 

CONDITIONS 

LIMITS 

ALL PACKAGE TYPES 

UNITS 

Vee 

(V) 

Vss 

(V) 

VdD 

(V) 

CD4054 

CD4055,CD4056 

Typ. 

Max. 

Typ. 

Max. 

Propagation Delay Time, 

^PHL,tPLH 
(Any Input to Any Output) 

-5 

0 

5 

400 

800 

650 

1300 

ns 

0 

0 

10 

340 

680 

575 

1150 

0 

0 

15 

250 

500 

375 

750 

Transition Time, tjHL ^TLH 

(Any Output) 

-5 

0 

5 

100 

200 

100 

200 

ns 

0 

0 

10 

100 

200 

100 

200 

0 

0 

15 

75 

150 

75 

150 

Minimum Data Setup 

Time, t 5 * 

-5 

0 

5 

110 

220 

110 

220 

ns 

0 

0 

10 

50 

100 

50 

100 



15 

35 

70 

35 

70 

Minimum Strobe Pulse 

Width, tyy* 

-5 

0 

5 

110 

220 

110 

220 

ns 

0 

0 

10 

50 

100 

50 

100 

0 

0 

15 

35 

70 

35 

70 

Input Capacitance, C||S| 

(Any Input) 

- 

- 

- 

5 

7.5 

5 

7.5 

pF 


* CD4054 and CD4056 only. 


Vss 


T“ 

Vss 


NOTE: 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH Vqd ANO Vss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
VddORVss- 


92CS-27402 

Fig. 14 — Input-current test circuit 



\ 


92CS-27053 


Fig. 15 — Data setup time and strobe 
pulse duration. 


RECOMMENDED OPERATING CONDITIONS at T^ = 25^0 (Unless otherwise specified) 

For maximum reliability, nominal operating conditions ^ouid be selected so that operation 
is always within the following ranges. 


CHARACTERISTIC 

Vee 

(V) 

Vss 

(V) 

VdD 

(V) 

LIMITS 

UNITS 

Min. 

Max. 

Supply Voltage Range: 

(At Ta = Full Package 
Temperature Range) 




3 

18 

V 

Setup Time (tg)* 

-5 

0 

5 

220 

- 

ns 

0 

0 

10 

100 

- 

0 

0 

15 

70 

- 

Strobe Pulse Width (tyy)* 

-5 

0 

5 

220 

- 

ns 

0 

0 

10 

100 

- 

0 

0 

15 

70 

- 


• For CD4054 and CD4056 only. 



LIQUID- CRYSTAL 

COMMON electrode 


Fig. 16 - Clock display: Vqq =0V, Vss 


92CS- 20095R2 

l/££ = —15 V, DFjig - 30 Hz square wave. 




DISPLAY 
DRIVER _ , j 

segment044 

INPUT ' ' 
(a TOq) 

(HIGH- SELECT) 




£ 


DISPLAY 
DRIVER 
SEGMENT 
OUTPUT 
(a TOg) 


'•■OUT 

92CS-20093RI 


d^n vss-HjnjiJijan^^ 

-0- :::jmrinjiJWLnnjm 


SEGMENT IN 


vee- 


J 


1 


jinjinjifiiuimij" 


+<Voo-VEE)r 


-(Voo-Vee) 


!» 


ir 


df,n -display-frequency input 92CS- 20094RI 

D^OUT- level- SHIFTED DISPLAY- FREQUENCY OUTPUT 

(b) 


Fig. 17 — Display-driver circuit for one segment line 
and waveforms. 
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CD4054B, CD4055B, CD4056B Types 



Fig. 18 — Digital (0 to +5 V) to bidirectional analog 
control (+5 to —5 V) level shifter. 



92CS-20089R2 


^.30 Hi SQUARE WAVE. 
^ 5V AMPLITUDE 


Fig.20 - Single-digit liquid-crystal display. 



Fig. 19 — Typical Syi-digit liquid-crystal display: 

Vdd = +5 ^SS = 0 1/, Vee=-10 I/, 
DF IN = 30 Hz square wave. 



The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individuai chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actuai dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +76 mils applicable to the nominal 
dimensions shown. 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils f10~^ inch). 


Fig.21 — Conversion of 

In addition to the letters L, H, P, and 
A (See the truth table), five other letters 
can be displayed through the use of simple 
logic circuits preceding and following the 
CD4055B or CD4056B devices. Fig.21 is an 
example of a circuit that converts an "H" 
display (code 1011) to an "F" display. 
One condition that must be met is that 
VeE=Vss- If VEE^Vss.theCD4054B must 
be used to level shift in the appropriate places. 


^"display to "'F" display. 

In a similar manner the letters C, E, J, and 
U can be displayed. These circuits can also 
be used to drive LED displays provided the 
exclusive-OR gates have sufficient output- 
current drive. 

The letters B, D, G, I, O, and S may be rep- 
resented by the codes for numbers 8, 0, 6, 
1, 0, and 5, respectively, when there is pre- 
knowledge that only letters are to be dis- 
played. 




dimensions and pad layout for CD4054BH. 


Dimensions and pad layout for CD4055BH Dimensions and pad layout for CD4056BH 
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CD4060B Types 


CMOS 14-Stage Ripple- 
Carry Binary Counter/Divider 
and Oscillator 


High-Voltage Types (20-Volt Rating) 


The RCA-CD4060B consists of an oscillator 
section and 14 ripple-carry binary counter 
stages. The oscillator configuration allows 
design of either RC or crystal oscillator 
circuits. A RESET input is provided which 
resets the counter to the all-O's state and 
disables the oscillator. A high level on the 
RESET line accomplishes the reset function. 
All counter stages are master-slave flip-flops. 
The state of the counter is advanced one 
step in binary order on the negative transi- 
tion of 01 (and 0o). All inputs and outputs 
are fully buffered. Schmitt trigger action 
on the input-pulse line permits unlimited 
input-pulse rise and fall times. 

The CD4060B-series types are supplied in 
16-lead hermetic dual-in-line ceramic pack- 
ages (D and F suffixes), 16-lead dual-in-line 
plastic packages (E suffix), 16-lead ceramic 
flat packages (K suffix), and in chip form (H 
suffix). 


Features: 

■ 12 MHz clock rate at 15 V 

■ Common reset 

■ Fully static operation 

■ Buffered inputs and outputs 

■ Schmitt trigger input-pulse line 

■ 100% tested for quiescent current at 20 V 

■ Standardized, symmetrical output 
characteristics 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13B, "Standard Specifica- 
tions for description of "B" Series CMOS 
Devices" 

Oscillator Features: 

■ Ail active components on chip 

■ RC or crystal oscillator configuration 

■ RC oscillator frequency of 690 kHz 
min. at 15 V 



FUNCTIONAL DIAGRAM 


Applications 

■ Control counters 

■ Timers 

■ Frequency dividers 

■ Time-delay circuits 






92CS-29072 


Fig. 2 — Detail of typical flip-flop stage. 


MAXIMUM Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vqq) 

(Voltages referenced to Vss Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vdd +0 5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq); 

For Ta = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/^C to 200 mW 

For = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

ForT^ = +100 to +125“C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/^C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta " full PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta)- 

PACKAGE TYPES D, F, K, H -55to+125°C 

PACKAGE TYPE E -40to+85°C 

STORAGE TEMPERATURE RANGE (T^,^) -65to+l50°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch ( 1 .59 + 0.79 mm) from case for 10s max +265°C 



Fig. 3 — Typical n-channel output low (sink) 
current charac ter is tics. 
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CD4060B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARAC- 

TERISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 

Values at -55, +25, +125 Apply to D, F, K, H, Packages 
Values at —40, +25, +85 Apply to E Package 

IT 

N 

T 

S 

Vo 

(VI 

V|N 

(V) 

Vdd 

(V) 

-55 

-40 

+85 

+125 

+25 1 

Min. 

Typ. 

Max. 

Quiescent 

Device 

Current, 

IqD Max. 

- 

0,5 

5 

5 

5 

150 

150 

- 

0.04 

5 

p^ 

- 

0,10 

10 

10 

10 

300 

300 

- 

0.04 

10 

- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 

- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

Output Low 
(Sink) Current*, 
IqL Min. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 

Output High 
(Source) 
Current*, 

•oh 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Voltage: 
Low-Level, 

Vql 

- 

0,5 

5 

0.05 

- 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output 

Voltage: 

High-Level, 

VoH 

- 

0,5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

input Low 
Voltage 
V|LMax. 

0.5,4.5 

- 

5 

1.5 

- 

- 

1.5 


1,9 

- 

10 

3 

- 

- 

3 

1.5,13.5 

- 

15 

4 

- 

- 

4 

y 

Input High 
Voltage, 
Vji^Min. 

0.5,4.5 

- 

5 

3.5 

3.5 

- 

- 


1,9 

- 

10 

7 

7 

- 

- 


1.5,13.5 

- 


11 

11 

- 

- 


Input Current 
l|(yjMax. 

- 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10~5 

±0.1 

./iA 


*Data not applicable to terminal 9 or 10. 

RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating conditions should be selected so that operation is 
always within the following ranges 


CHARACTERISTIC 

Vdd 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage Range (For = Full Package 


3 

18 

y 

Temperature Range) 





5 

100 

- 


Input-Pulse Width, tyy (f= 100 kHz) 

10 

40 

- 

ns 

15 

30 

T 


Input-Pulse Rise Time and Fall Time, t^0, t^^ 

5 

10 

15 

Unlimited 



5 

_ 

3.5 


Input-Pulse Frequency, (External pulse source) 

10 

- 

8 

MHz 

15 

- 

12 



5 

120 

— 


Reset Pulse Width, tyy 

10 

60 

— 

ns 

15 

40 

- 




Fig. 4 - Minimum n-channel output low (sink) 
current characteristics. 


DRAIN-TO-SOURCE VOLTAGE (Vos)— V 



Fig. 5 — Typical p-channel output high (source) 
current characteristics. 
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Fig. 6 — Minimum p-channel output high (source) 
current characteristics. 



Fig. 7 — Typical propagation delay time (Q^ to Qp+1) 
as a function of load capacitance. 
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Propagation Delay 

Time, Qp to Qr+I ; 

tPHL- tPLH 


Transition Time, 
tTHL. tjLH 



Min. Input-Pulse 
Width, tyy 


Input-Pulse Rise & Fall 
Time, t|. 0 , tf^ 

Max. Input-Pulse 
Frequency, 

(External pulse 
source) 


f = 100 kHz 


10 

- 

15 

- 



5 


10 


15 


5 

3.5 

10 

8 

15 

12 


Input Capacitance, C-) | 

1 Any Input j 

- 1 B 1 

7.5 

Reset Operation 

Propagation Delay 


5 

180 

360 

Time, tpHL 


10 

80 

160 



15 

50 

100 

Minimum Reset 


5 

60 

120 

Pulse Width, tyy 


10 

30 

60 



15 

20 

40 


LOAD CAPACITANCE (Cl) — pF 


Fig. 9 — Typical transition time as a function 
of load capacitance. 


AMBIENT TEMPERATURE (T^ )«25"C 

, - LOAD CAPACITANCE {CL)»50pF 

, ^ Cl«I5pF 


INPUT FREQUENCY kHz 92CS-3I25I 

. 10 - Typical dynamic power dissipation as a 
function of input frequency. 



r-j ^ 

1 









1^ : 

It 



)l 



6 II 

7 10 

8 9 

1 PULSE 1 



P , 


RESET IS. 

©-P>^ 


92CS-3I254 -ir 

Fig. 11 — Dynamic power dissipation test circuit. 


RgIS ZRy TO IORj( 
T = 2.2 RxCx 


Fig. 12 — Typical RC circuit. 


NOTE : 

CxTAL'^l + ^Z^CsTRAY 
Rr* BROADER FREQUENCY 
RESPONSE 

Rs “CURRENT LIMITING 


Fig. 13— Typical crystal circuit. 
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CD4060B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T^ = 250C, Input t^, tf = 20 ns. 
Cl = 50 pF, Rl = 200 [cont'd] 


CHARACTERISTIC 

I 

LIMITS 

UNITS 

TEST 

CONDITIONS 

Vdd 

(V) 

Min. 

Typ. 

Max. 

RC Operation 

Variation of Fre- 
quency (Unit-to-Unit) 

Cx = 200pF. 

RS = 560 

Rx = 50 ka 

5 

18 

21.5 

25 

kHz 

10 

20 

23 

26 

15 

21.1 

24 

27 

Variation of Fre- 
quency with voltage 
change (Same Unit) 

Cx = 200 pF, 

RS = 560 kO.. 

Rx = 50 k^2 

5V to 10 V 

10V to 15V 

- 

- 

2 

1 

Rx max. 

Cx = ^0^lP 
= 50/LtF 
= ^0flF 

5 

- 

- 

20 


10 

- 

- 

20 

15 

- 

- 

10 

Cx max. 

Rx = 500 kn 
= 300 kn 

= 300 kn 

5 

- 

- 

1000 

mF 

10 

_ 

_ 

50 

15 

- 

- 

50 

Maximum Oscillator 
Frequency* 

Rx = 5kn 

Cx = 15pF 

10 

530 

650 

810 

kHz 

15 

690 

800 

940 

Drive Current at 

Pin 9 (For Oscillator 
Design) 

'OL 

Vo = 0.4 V 

5 

0.16 

0.35 


mA 

= 0.5 V 

10 

0.42 

0.8 

- 

= 1.5 V 

15 

1 

2 

- 

'oh 

Vn = 4.6 V 

5 

-0.16 

-0.35 

- 

= 9.5 V 

10 

-0.42 

-0.8 

- 

= 13.5 V 

15 

-1 

-2 

- 


*RC oscillator applications are not recommended at supply voltages below 7 V for Rx < 50 kC. 


'^DD 



Fig. 14 — Quiescent device current. 


T 

Vss 




NOTE- 

TEST ANY COMBINATION 
OF INPUTS 


92CS-2r44lR 

Fig. 15 — Input voltage. 


^00 

M£>* 

Vss 


Vss 


NOTE- 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH VoD ANOVss' 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vdd '^SS' 


92CS- 27402 


Fig. 16 — Input current. 



Dimensions and pad layout for CD4060B. 


TERMINAL DIAGRAM 



- *0 
-♦o 


92CS-2376IR2 


Dimensions m parentheses are m millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~^ inch). 

The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should considers tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4063B Types 


CMOS 4-Bit Magnitude 
Comparator 

High Voltage Types (20-Volt Rating) 


The RCA-CD4063B is a 4*bit magnitude com- 
parator designed for use in computer and 
logic applications that require the comparison 
of two 4-bit words. This logic circuit deteV- 
mines whether one 4-bit word (Binary or 
BCD) is "less than", "equal to", or "greater 
than" a second 4-bit word. 

The CD4063B has eight comparing inputs 
(A3, B3, through AO, BO), three outputs (A 
< B, A = B, A > B) and three cascading inputs 
(A < B, A = B, A > B) that permit systems 
designers to expand the comparator function 
to 8, 12, 16 ... 4N bits. When a single 
CD4063B is used, the cascading inputs are 
connected as follows; (A < B) = low, (A = B) 
= high, (A > B) = low. 

For words longer than 4 bits, CD4063B de- 
vices may be cascaded by connecting the 
outputs of the less-significant comparator to 
the corresponding cascading inputs of the 
more-significant comparator. Cascading in- 
puts (A < B, A = B, and A > B) on the 
least significant comparator are connected to 
a low, a high, and a low level, respectively. 

The CD4063B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead dual-in-line plastic 
package (E suffix), 16-lead ceramic flat 
package ; (K suffix), and in chip form (H 
suffix). This device is pin-compatible with 
the standard 7485 TTL type. 


Features: 

■ Expansion to 8, 12, 16....4N bits by cascading units 

■ Medium-speed operation: 

compares two 4-bit words 
in 250 ns (typ.) at 10 V 

■ 100% tested for quiescent current at 20 V 

■ Standardized symmetrical output characteristics 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Maximum input current of 1 juA at 18 V 
over full package temperature range; 
100nAat18Vand25°C 

■ Noise margin (full package temperature range) 

range) = 1 V at Vqq = 5 V 
2 Vat Vdd = 10 V 
2.5 Vat Vdd = 15V 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 

■ Servo motor controls ■ Process controllers 



92CS-245t6 


FUNCTIONAL DIAGRAM 


(A<B),n- 



(TOP VIEW) 

92CS-24523. 

TERMINAL ASSIGNMENT 


MAXIMUM Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vqd) 

(Voltages referenced to Vss Terminal ) -0.5 to ■^■20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0.5 V 

DC INPUT CURRENT, ANYONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pp): 

For Ta = -40 to +60OC (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For Ta = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

For Ta = +100 to +125° C (PACKAGE TYPES D, F, K) . . Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H -55 to +1 250C 

PACKAGE TYPE E _40 to +850C 

STORAGE TEMPERATURE RANGE (Tjtg) -65 to +150^0 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from case for 10 s max. ....... +265°C 


t 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating 
conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

Min. 

Max. 

Supply-Voltage Range 
(For Ta= Full Package- 

3 

18 

V 

Temperature Range) 






9?CM-23a24RI 


/■COMPARE'S ^ /CASCADE'V „ 

*P TOTAL “ *P VINPUTS J * tp ^inputs /■*' vdd^IOV 

(3 STAGES) 

= 250 + (2 K 200) = 650 ns (TYP.) 

Fig. 1 — Typical speed characteristics of a 12-bit comparator. 
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POWER DISSIPATION (P^) — mW ^ PROPAGATION DELAY TIME (tpHL.tpLH • 


CD4063B Types 




'ig. 7 — Typical propagation delay time 
vs. load capacitance ("comparing 
inputs" to outputs). 



0 2.5 5 7.5 10 12.5 15 17.5 20 

SUPPLY VOLTAGE (Voo)-V 

92CS-24SI8 

Fig. 8 — Typical propagation delay time i/’s. supply 
voltage ("comparing inputs" to outputs). 
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Fig. 9 — Typical transition time vs. load capacitance. 


MPERATURE (T^ 




Fig. 70— Typical power dissipation vs. frequency 
(see Fig. 12 — dynamic power 
dissipation test circuit). 


Mi>* 

Vss 



NOTE; 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH VoD AND Vss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vnn OR Vee- 


Fig. 11 — Input current test circuit. 


*0 *l *2 Aj 

-<§>- Vdd CD4063 Cl 

(A<B)OUT 

-<D- (A<B)t-| Cl 

_ (A.B)OUT KIHP- 

■CD" (a*b)l-i Cl 

_ (A>B)OUT 


Fig. 12 — Dynamic power dissipation test circuit 



NOTE • 

TEST ANY COMBINATION 
OF INPUTS 


Fig. 13— Input-voltage test circuit. 



Fig. 14 — Quiescent-device-current test circuit. 



60-68 

(1.524-1727) 


(0.102-0.254) 


77-85 

(1.956-2.159) 


Dimensions and pad layout for CD4063BH. 


Dimensions in parentheses ere in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10~^ inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +76 mils applicable to the nominal 
dimensions shown. 








CD4066B Types 


CMOS Quad Bilateral 
Switch 

For T ransmission or Multiplexing of Analog 
Digital Signals 

High-Voltage Types (20-Volt Rating) 

The RCA-CD4066B is a quad bilateral switch 
intended for the transmission or multiplex- 
ing of analog or digital signals. It is pin-for- 
pin compatible with RCA-CD4016B, but 
exhibits a much lower on-state resistance. In 
addition, the on-state resistance is relatively 
constant over the full input-signal range. 

The CD4066B consists of four independent 
bilateral switches. A single control signal is 
required per switch. Both the p and the n 
device in a given switch are biased on or 
off simultaneously by the control signal. 

As shown in Fig. 1 , the well of the n-channel 
device on each switch is either tied to the 
input when the switch is on or to V 53 when 
the switch is off. This configuration elimi- 
nates the variation of the switch-transistor 
threshold voltage with input signal, and thus 
keeps the on-state resistance low over the full 
operating-signal range. 

The advantages over single-channel switches 
Include peak input-signal voltage swings equal 
to the full supply voltage, and more constant 
on-state impedance over the input-signal 
range. For sample-and-hold applications, 
however, the CD4016B is recommended. 


or 

Features: 

■ 15-V digital or ±7.5-V peak-to-peak switching 

■ 12512 typical on-state resistance for 15-V operation 

■ Switch on-state resistance matched to within 5 12 over 
15-V signal-input range 

■ On-state resistance flat over full peak-to-peak signal 
range 

■ High on/off output-voltage ratio: 80 dB typ. @ 
fjs = 10 kHz, Rl = 1 kl2 

■ High degree of linearity: <0.5% distortion 
typ. @ fjs = 1 kHz, V|s = 5 Vp-p, VpD “ 

Vss^lO V, Rl = 10kl2 

■ Extremely low off-state switch leakage 
resulting in very low offset current and high 
effective off -state resistance: 10 pA typ. @ 

vdd - vss = 10 V, Ta = 250 c 

■ Extremely high control input impedance 
(control circuit isolated from signal cir- 
cuit): 10l2l2typ. 

■ Low crosstalk between switches: —50 dB 
typ. @ fjs = 8 MHz, Rl = 1 kl2 

■ Matched control-input to signal-output 
capacitance: Reduces output signal 
transients 

■ Frequency response, switch on = 40 MHz 

(typ.) 

■ 100% tested for quiescent current at 20 V 

■ 5-V, 10-V, and 15-V parametric ratings 



Applications: 

■ Analog signal switching/multiplexing 

Signal gating Modulator 

Squelch control Demodulator 

Chopper Commutating switch 

■ Digital signal switching/Multiplexing 

■ Transmission-gate logic implementation 

■ Analog-to-digital 8e digital-to-analog 
conversion 

■ Digital control of frequency, impedance, 
phase, and analog-signal gain 


TheCD4066B is available in 14-lead ceramic 
dual-in-line packages (D and F suffixes), 
14-lead plastic dual-in-line packages (E suf- 
fix), 14-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 


■ Meets all requirements of JEDEC Tentative 
Standard No.13A, "'Standard Specifications 
for Description of "B" Series CMOS Devices" 


MAXIMUM Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vq^) 

(Voltages referenced to V55 Terminal) ... -0.5 to +20 V 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to V^^ +0.5 V 

DC INPUT CURRENT,' ANY ONE INPUT (except for TRANSMISSION GATE which is 25 mA). ±10 mA 
POWER DISSIPATION PER PACKAGE (Pp); 

For T^ = -40 to +60°C (PACKAGE T\^E E) 500 mW 

For T^ = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

ForT;^ =-55 to +100° (S (PACKAGE TYPES D,F,K) 500 mW 

For T^ = +1(X) to +125° C (PACKAGE TYPES D, F, K) Derate L meariy at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T;y = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 n,W 

pPERATING-TEMPERATURE RANGE (T^); 

PACKAGE TYPES D. F, K, H -55to+125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T^^ ) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max. +265°C 


SWITCH 



PROTECTED BY COS/MOS 
PROTECTION NETWORK 


RECOMMENDED OPERATING CONDITIONS 

For maxirnum reliability, nominal operating conditions should be selected so that oper- 
ation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

Min. 

Max. 

Supply-Voltage Range (ForTA Full Package- 
Temperature Range) 

3 

18 

V 


Fig. 1 — Schematic diagram of 1 of 4 identical 
switches and its associated control 
circuitry. 
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CD4066B Types 


ELECTRICAL CHARACTERISTICS 


Characteristic 

Test Conditions 

LIMITS AT INDICATED TEM- 
PERATURES (OC) 

Values at -55, +25, +125 Apply 
to D, F, K, H Packages 

Values at —40, +25, +85 Apply to 

E Packaae 

U 

N 

T 

S 


V||M 

(V) 

VdD 

(V) 


+25 


-55 

-40 

+85 

+125 

Typ. 

Max. 

Quiescent Device 
Current, Iqq 


0,5 

5 

0.25 

0.25 

7.5 

7.5 

0.01 

0.25 


0,10 

10 

0.5 

0.5 

15 

15 

0.01 

0.5 

pA 

0,15 

15 

1 

1 

30 

30 

0.01 

1 


0,20 

20 

5 

5 

150 

150 

0.02 

5 


Signal Inputs (Vjg) and Output (Vqj) 

On-State 
Resistance, rQ^ 

Max. 

^C " Vqd 

R|_ = 1 0 kn returned 
to Vqq - Vss 


5 

800 

850 

1200 

1300 

470 

1050 

il 

2 

10 

310 

330 

500 

550 

180 

400 

^is" ^SS ^0 ^DD 

15 

200 

210 

300 

320 

125 

240 

AOn-State 
Resistance 
Between Any 

2 Switches, ArQp 

R|_=10kS2, Vq = ^DD 

5 

_ 

_ 

_ 

_ 

15 

_ 

n 

10 

- 

- 

- 

- 

10 

- 

15 

- 

- 

- 

- 

5 

- 

Total Harmonic 
Distortion, 

THD 

Vc=V0D =5 V, Vss = -5V, Vis(p.p) 
= 5 V (Sine wave centered on 0 V) 
Rj_=10 kn, fj5=1 kHz sine wave 

- 

- 

- 

- 

0.4 

- 

% 

-3dB Cutoff 
Frequency 
(Switch on) 

Vc=Vdd=5V, Vss=- 5V, Vjg^p.p) 

= 5V (Sine wave centered on 0 V 
Rl= 1 k^2. 

- 

- 

- 

- 

40 

- 

MHz 

-50dB Feed- 
through 
Frequency 
(Switch off) 

Vc=Vss=-5V, Vis,p.p, = 5V 

Sine wave centerd on 0 V 

R|_ = 1 kn 

1 

- 

- 

- 

1 

- 

MHz 

Input/Output 
Leakage Current 
(Switch off) 

Ijg Max. 

Vq = 0 V 

Vis = '8V;Vo5 = 

0 V, V|s = OV; 

Vos = 18 V 

18 


±0.1 

±1 

±1 

±10'^ 

±0.1 

ma 

-50 dB 

Crosstalk 

Frequency 

Vq(A) = Vq0 = 

+5V, Vc(B) = Vss 

= -5V, Vjs(A) = 

5 Vp.p, 50 n source 

Rl = 1 k^2 

1 


- 

- 

1 

8 

- 

MHz 

Propagation 

Delay (Signal 
Input to Signal 
Output) tpd 

Rl = 200 kn 

^C = ^DD' ^SS" 

GND,Cl = 50pF 

Vjs = 10 V (Square 
wave centered on 5 V 
tr, tf = 20 ns 



_ 

_ 

_ 

20 

40 

ns 

la 


- 

- 

- 

10 

20 


■ 

■ 

■ 

■ 

■ 

15 

Capacitance: 
Input, Cjg 

Vdd = +5V 

Vc = Vss = -5 V 


- 


- 

- 

8 

- 

pF 

Output, Cq 5 


- 

- 

- 

- 

8 

- 

Feedthrough, 

^ios 


- 

- 

- 

- 

0.5 

- 



- 4 - 3 - 2-10 1 2 3 4 

INPUT SIGNAL VOLTAGE (V|j) — V 92CS-27326RI 

2— Typical on-state resistance vs. input signal 
voltage (all types}. 



Fig. 3— Typical on-state vs. input signal voltage 
(all types). 



92CS-27329RI 

Fig. 4— Typical on-state resistance vs. input signal 
voltage (all types). 



Fig. 5— on-state resistance vs. input signal 
voltage (all types). 
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CD4066B Types 


ELECTRICAL CHARACTERISTICS (cont'd) 


Characteristic 

Test Conditions 


LIMITS AT INDICATED 
TEMPERATURES (^C) 

Values at -55, +25, +125 

Apply to D, F, K, H, Packages 

Values at —40, -«-25, +85 Apply to 

U 

N 

1 

T 

S 


VdD 

(V) 

E Package 


1 +25 

-55 

-40 

+85 

+125 

Typ. 

Max. 

Control (Vq) 

Control Input 

Low Voltage, 
V|LC Max. 

lljgl <WpA 

'^is" VSS'^0S= ^DD 

and 

Vis = Vqd.Vos= Vss 

5 

1 

1 

1 

1 

- 

1 

V 

10 

2 

2 

2 

2 

- 

2 

15 

2 

2 

2 

2 

- 

2 

Control Input 

High Voltage, 
V|HC 

See Fig. 6 

5 

3.5 (Min.) 

V 

10 

7 (Min.) 

15 

1 1 (Min.) 

Input Current, 
l|fy| Max. 

^is ^ ^DD 

VdD-^SS = 18V 

Vcc< Vdd - Vss 

18 

tO.1 

±0.1 

±1 

±1 

±10-5 

±0.1 

pA 

Crosstalk (Con- 
trol Input to 
Signal Output) 

Vc- 10 V (Sq. Wave) 
tr, tf = 20 ns 

RL = 10 kI2 

10 

- 

- 

- 

- 

50 

- 

mV 

Turn-On and 
Turn-Off 
Propagation 

Delay 

V|N = Vqd 
tr, tf = 20 ns 

Cl = 50 pF 

RL = 1 ki2 

5 

- 

~ 

- 

- 

35 

70 

ns 

10 

- 

- 

- 

- 

20 

40 

15 

- 

- 

- 

- 

15 

30 



5 





6 


MHz 

10 

- 

- 

- 

- 

9 

- 


■ 

■ 

1 

■ 


■ 




1 

1 

1 

1 


■ 

mF 


iWM 




Ijs (mA) 

-550c 


+250C 

+85OC 




n 

0 

0.64 

0.61 

0.51 

0.42 


■■ 

0.4 

H 

5 



-0.51 

-0.42 


m^m 

- 

lEI 

■■ 

■■ 

1.5 

1.3 



MM 


Wm 

19 

BbI 

-1.5 

-1.3 






WEM 

MM 

W^MM 

MM 

MM 

MM 


1.5 

H 


tm 


Bl 

Bl 

iB9 


- 


Ivis-Vosl 
‘ |lis| 



KEITHLEY 
. 160 DIGITAL 
MULTIMETER 


E 


xi 


92CS -22716 


Fig. 7 — Channel on-state resistance measurement 
circuit. 



INPUT VOLTAGE (Vt) —V 92CS-309I9 


Fig. 8— Typical ON characteristics for 1 of 
4 Channels. 



SWITCHING FREQUENCY (f) — kHi 


92CS-30920 


Fig. 9 — Power dissipation per package vs. switching 
frequency. 


Cios 

Hh 


MEASUREO ON BOONTON 
I CAPACITANCE BRIDGE 

Vnn= + 5V ' MODEL 75A (IMHr) 

^ I TEST FIXTURE CAPACITANCE 

Y I nulled out 


CD4066B 
I OF 4 
SWITCHES 


-t-o 


92CS-30966 


Vss=-5 


92CS- 5092I 


Fig. 6— Determination of r^^ as a test condition for control input 

high voltage (^u-iq^ specification. pjg jq _ Capacitance test circuit. 
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CD4066B Types 


'•'c^'^ss VOD 


s‘'^DD , 

cH 


CD4066B 
I OF 4 
SWITCHES 




ALL UNUSED terminals 
ARE CONNECTED TO Vss 


Fig. 11 — Off-switch input or output leakage. 



ALL UNUSED TERMINALS 

ALL UNUSED INPUTS ARE CONNECTED TO VsS CONNECTED TO Vss 


9?CS - 509?3 


92CS - 30924 


Fig. 12 - Propagation delay time signal input (Vj^) 
to signal output 


Fig. 13 — Crosstalk-control input to signal output. 



ALL UNUSED TERMINALS ARE CONNECTED TO Vss 


92CS-30925 

Fig. 14 — Propagation delay ^PHL t^ontrol- 

signa! output. Delay is measured at 
Vos +10% from ground (turn-on) 

or on-state output level (turn-off). 




all UNUSED INPUTS ARE CONNECTED TO Vss 

92CS- T0926 


Fig. 15 — l\4aximum allowable control input 
repetition rate. 


INPUTS 


Vdd 


MD 

Vss 


''OD 


T 

Vss 


NOTE 

MEASURE INPUTS 
SEOUENTIALLY, 

TO BOTH Vqd and Vss 
CONNECT ALU UNUSED 
INPUTS TO EITHER 
VOD O'’ Vgs’ 

MEASURE CONTROL 
INPUTS ONLY 


92CS-27555 


Fig. 16 — Input leakage current test circuit 



Fig. 17— 4-channel PAM multiplex system diagram. 
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CD4066B Types 



92CS- 30927 


Fig. 18 — Bidirectional signal transmission via digital control logic. 



(l-TSS-l-SSe) ^ 

92CS-35I05 


CD4066BH 
CHIP PHOTOGRAPH 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~^ inch). 


SPECIAL CONSIDERATIONS ~ CD4066B 

1. In applications that employ separate 
power sources to drive Vdd and the 
signal inputs, the Vdd current 
capability should exceed Vdd^Rl (Rl 
= effective external load of the four 
CD4066B bilateral switches). This 
provision avoids any permanent cur- 
rent flow or clamp action on the Vdd 
supply when power is applied or 
removed from the CD4066B. 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 

2. In certain applications, the external 
load-resistor current may include 
both Vdd and signal-line com- 
ponents. To avoid drawing Vdd cur- 
rent when switch current flows Into 
terminals 1 ,4,8, or 11 , the voltage drop 
across the bidirectional switch must 
not exceed 0.8 volts (calculated from 
Ron values shown). 

No Vdd current will flow through Rl 
if the switch current flows into ter- 
minais 2,3,9, or 10. 
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CD4067B, CD4097B Types 


CMOS Analog 

Multiplexers/Demultiplexers 


High-Voltage Types (20-Volt Rating) 

CD4067B — Single 16-Channel 

Multiplexer/Demultiplexer 
CD4097B — Differential 8-Channel 

Multiplexer/Demultiplexer 


The RCA-CD4067B and CD4097B CMOS 
analog multiplexers/demultiplexers* are digi- 
tally controlled analog switches having low 
ON impedance, low OFF leakage current, and 
internal address decoding. In addition, the 
/ON resistance is relatively constant over the 
full input-signal range. 

The CD4067B is a 16-channel multiplexer 
with four binary control inputs, A,B,C,D, and 
an inhibit input, arranged so that any com- 
bination of the inputs selects one switch. 
The CD4097B is a differential 8-channel multi- 
plexer having three binary control inputs A, 
B, C, and an inhibit input. The inputs permit 
selection of one of eight pairs of switches. 

A logic "1" present at the inhibit input turns 
all channels off. 

The CD4067 and CD4097 are supplied in 24- 
lead dual-in-line welded-seal ceramic pack- 
ages (D suffix), 24-lead dual-in-line frit-seal 
ceramic packages (F suffix), 24-lead dual- 
in-line plastic packages (E suffix), 24-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix). 


Features: 

■ Low ON resistance: 125 H (typ.) over 15 
Vp.p signal-input range for Vdd— \/ ss=15 V 

■ High OFF resistance: channel leakage of 
±10 pA (typ.) @ Vdd-VsS=10 V 

■ Matched switch characteristics: RqN^S H (typ.) 
for Vdd-VsS=15 V 

■ Very low quiescent power dissipation under 
all digital-control input and supply conditions: 

0.2 iM (typ.) @ Vdd-VsS=10 V 

■ Binary address decoding on chip 

■ 5-V, 10-V, and 15-V parametric ratings 

■ 100% tested for quiescent current at 20 V 

■ Standardized symmetrical output 
characteristics 

■ Maximum input current of 1 /lA at 18 V 
over full package temperature range; 

100 nAatlS Vand 25^0 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 

■ Analog and digital multiplexing and demultiplexing 

■ A/D and D/A conversion 

■ Signal gating 




CD4097a 

TERMINAL ASSIGNMENT 

92CS-\i49r9 


*When these devices are used as demultiplexers, 
the channel in/out terminals are the outputs and 
the common out/in terminals are the inputs. 


Recommended Operating Conditions at 
T;:^ = 25°C (Unless Otherwise Specified) 

For maximum reliability, nominal operating 
conditions should be selected so that opera- 
tion is always within the following ranges. 
Values shown apply to all types except as 
noted. 


Characteristic 

Min. 

Max. 

Units 

Supply-Voltage Range 
(T^=Full Package- 
Temp. Range) 

3 

18 

V 

Multiplexer Switch Input 
Current Capability 

- 

25 

mA 

Output Load Resistance 

100 

- 



NOTE: 


In certain applications, the external load-resistor 
current may include both Vqq and signal-line 
components. To avoid drawing Vqq current when 
switch current flows into the transmission gate 
inputs, the voltage drop across the bidirectional 
switch rhust not exceed 0.8 volt (calculated from 
Rqn values shown in ELECTRICAL CHARAC- 
TERISTICS CHART). No Vdd current will flow 
through Rl if the switch current flows into 
terminal 1 on the CD4067; terminals 1 and 17 on 
the CD4097. 



Fig. 1 - CD4067 functional diagram. 


CD4067 TRUTH TABLE 


A 

B 

c 

0 

Inh 

Selected 

Channel 

X 

X 

X 

X 

1 

None 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

2 

1 

1 

0 

0 

0 

3 

0 

0 

1 

0 

0 

4 

1 

0 

1 

0 

0 

5 

0 

1 

1 

0 

0 

6 

1 

1 

1 

0 

0 

7 

0 

0 

0 

1 

0 

8 

1 

0 

0 

1 

0 < 

9 

0 

1 

0 

1 

0 

10 

1 

1 

0 

1 

0 

11 

0 

0 

1 

1 

0 

12 

1 

0 

1 

1 

0 

13 

0 

1 

1 

1 

0 

14 

1 

1 

1 

1 

0 

15 



Fig. 2—CD4097 functional diagram. 


CD4097 TRUTH TABLE 


A 

B 

c 

Inh 

Selected 

Channel 

X 

X 

X 

1 

None 

0 

0 

0 

0 

OX, OY 

1 

0 

0 

0 

IX, 1Y 

0 

1 

0 

0 

2X, 2Y 

1 

1 

0 

0 

3X, 3Y 

0 

0 

1 

0 

4X, 4Y 

1 

0 

1 

0 

5X. 5Y 

0 

1 

1 

0 

6X. 6Y 

1 

1 

1 

d 

7X, 7Y 
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CD4067B, CD4097B Types 


ELECTRICAL CHARACTERISTICS 


CHARAC- 

TERISTIC 

CONDITIONS 

LIMITS at Indicated Temperature (°C) 

Values at -55. +25, +1 25 Apply to D, F. K, H pkg 

Values at — 40,-+25,+-85,apply to E pkg 

Units 

Vis 

(V) 

Vss 

(V) 

Q > 
> 

-55 

-40 

+B5 

+125 

+25 

Mln.lTyp. | Max. 

SIGNAL INPUTS (Vjs) AND OUTPUTS (Vqs) | 

Quiescent 
Device Cur- 
rent, Idd 
M ax. 



5 

5 

5 

150 

150 

- 

0.04 

5 

pA 



10 

10 

10 

300 

300 

- 

0.04 

10 



15 

20 

20 

600 

600 

- 

0.04 

20 



20 

100 

100 

3000 

3000 

- 

0.08 

100 

ON -state Re 
sistance 

Vis<VDD 
Ton Max. 


0 

5 

800 

850 

1200 

1300 


470 

1050 

( ) 

0 

10 

310 

330 

520 

550 

- 

180 

400 

0 

15 

200 

210 

300 

320 

- 

125 

240 

Change in 
on-state 
Resistance 
(Between 
Any Two 
Channels) 
^’’on 


0 

5 






15 


o 


0 

10 

- 

- 

- 

- 

- 

10 

- 


0 

15 

— 

_ 

_ 

_ 

_ 

5 

- 

OFF Chan- 
nel Leak- 
age Cur- 
rent; Any 
Channel 
OFF Max. 
or 

All Chan- 
nels OFF 
(Common 
OUT/IN) 
Max. 


0 

18 

±100* 

±1000* 

- 

±0.1 

* 

o 

o 

+i 

nA 

Capacitance: 
Input, Cjg 


-5 

5 

- 

- 

- 

- 

- 

5 

- 

pF 

Output, 

Cos 

CD4067 






55 


CD4097 

- 

- 

- 

- 

- 

35 


Feed- 

through, 

^ios 

- 

- 

- 

- 

- 

0.2 


Propaga- 
tion Delay 
Time (Sig- 
nal Input 
to Output 

VdD 

JT. 

Rl = 200 K^2 
Cl=50pF 
tf.,tf=20 ns 

5 

_ 

_ 

_ 

_ 

_ 

30 

60 

ns 

10 

- 

- 

- 

- 

- 

15 

30 

15 

— 

~ 

— 

— 

— 

10 

20 

1 CONTROL (ADDRESS or INHIBIT) Vq | 

Input Low 
Voltage, 
VjL Max. 

-^DD 

thru 

R|_=1 Kil 
to V cc 
I,S<2 'a 
on all OFF 

Channels 

5 

1.5 

- 

- 

1.5 


10 

3 

- 

— 

3 


15 

4 

- 

- 

4 

v 

Input High 
Voltage, 
V|H Min. 

1 Kil 

5 

3.5 

3.5 

- 

- 


10 

7 

7 

- 

- 


15 

11 

11 

- 

- 



* Determined by minimum feasible leakage measurement for automatic testing. 
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Fig. 3— Typical ON resistance irs. input signal 
voltage (all types). 



92CS-27J27 


Fig. 4— Typical ON resistance vs. input signal 
voltage (all types). 


0 

1 300 
*Z 

£ 250 

P 

SUP 

PL 

Y VO 

LTA6E 

(VPD- 

Vss > ■ '5 ' 


i 



i' 

II 

=ill 


ii 



W: 



|:ii| ill 

CHANNEL ON RES(STA^ 

O O 8 O < 

t 



-HAM 

S(Ta 

3IENT 

)--H2 

nTTTTl 

EMPE 

>*C 

1 ’T 

ratu 


ttr 


'1 

si 






w 



'1 


---^T|+25*c1-H- 

’*LLA 


1::h 

iUl-i 

ii 


r lid ■ d 

- 

0 -7,5 -5 - 

2,5 0 2.5 

7.5 10 


INPUT SIGNAL VOLTAGE (Vj,) — V 

92CS-27329 

Fig. 5— Typical ON resistance vs. input signal 
voltage (all types). 



Fig. 6— Typical ON resistance vs. input signal 
voltage (all types). 
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CD4067B, CD4097B Types 


ELECTRICAL CHARACTERISTICS (Corn'd) TEST CIRCUITS 


CHARAC- 

TERISTIC 

CONDITIONS 

LIMITS at Indicated Temperature (°C) 
Values at -55, +25, +125 Apply to D, F, K, H. pkg 
Values at — 40,+25,+85,apply to E pkg 

Units 

Vis 

(V) 

^SS 

(V) 

'^DD 

(V) 

-55 

-40 

+85 

+125 

+25 

Min. 

Typ. 

Max. 

Input 

Current, 
l||\j Max. 

V|N = 0, 18 V 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10“5 

±0.1 

/jA 

Propagation 
Delay Time: 

Address or 
Inhibit-to- 
Signal OUT 
(Channel 
turning ON) 

R|_-10 K12,Ci_- 
50 pF, = 20 ns 






325 

650 

ns 


0 

5 

0 

10 

- 

- 

- 

- 

- 

135 

270 

0 

15 

_ 

- 

- 

- 

- 

95 

190 

Address or 

Inhibit-to- 
Signal OUT 
(Channel 
turning 

OFF) 

Rl=300 il.Ci= 

50 pF, t,.,tf = 20 ns 






220 

440 

ns 


0 

5 

0 

10 

- 

- 

- 

- 

- 

90 

180 

0 

15 

- 

- 

- 

- 

- 

65 

130 

Input 

Capaci- 
tance, C||\j 

Any Address or 

Inhibit Input 

- 

- 

- 

- 

- 

5 

7.5 

pF 




MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vqq) 

(Voltages referenced to Vss Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0-5 V 

DCINPUTCURRENT, ANYONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pp): 

For Ta = -40 to +60OC (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/^C to 200 mW 

For T^ = -55 to +100®C (PACKAGE TYPES D, F, K) 500 mW 

For T^ = +100 to +125° C (PACKAGE TYPES D, F, K) ■ . . . . Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = full PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K. H -55to+125°C 

PACKAGE TYPE E -40 to +85° C 

STORAGE TEMPERATURE RANGE (Tstg) -65 to +150^0 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 ± 1 /32 inch (1 .59 ± 0.79 mm) from case for 1 0 s max +265°C 




Fig. 8— Input voltage— measure ^2 nA on all OFF channels 
(e.g., channel 12). 


Fig. 7— OFF channel leakage current— any channel OFF. 




92C5-2MJ^ 

Fig. 9— OFF channel leakage current— all channels OFF. 
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CD4067B, CD4097B Types 


ELECTRICAL CHARACTERISTICS (Confdl 


CHARAC- 

TERISTIC 

TEST CONDITIONS | 

— 

TYPICAL 

VALUES 

UNITS 

Vis 

(V) 

VdD 

(V) 

Rl 

(Kf2l 


Cutoff 
{-3-dB) 
Frequency 
Channel ON 
(Sine Wave 
Input) 

El 


1 

Vq 5 at Common OUT/IN 

CD4067 

14 

MHz 

^os 

20 log =-3dB 

Vis 

CD4097 

20 

Vq 5 at Any Channel 

60 

Total 

Harmonic 

Distortion, 

THD 

Hi 

5 

10 


0.3 

% 

EM 

10 

0.2 

Hi 

15 

lliyill 


-40-clB 
Feedthrough 
Frequency 
(All Channels 
OFF 

1 

I 

B 

Vq 5 at Common OpT/IN 

CD4067 

IIRH 

MHz 

Vos 

20 log — =-40 dB 
Vis 

CD4097 

12 

Vq 5 at Any Channel 

8 

Signal Cross- 
talk (Fre- 
quency at 
-40 dB) 

m 

10 

1 

Between Any 2 Channels^ 

■ 

MHz 


20 log 

Vos 

10 dB 

Between 

Sections 

CD4097 

Only 

Measured on Common 

10 

Vis 

Measured on Any 

Channel 

18 

Address-or- 

Inhibit-to- 

Signal 

Crosstalk 


10 

10* 



mV 

(Peak) 

VSS=0' tr4f=20 ns, 

Vc=VdD“Vss 
(S quare Wave) 


Peak-to-peak voltage symmetrical about 



^ Worst case. 

* Both ends of channel. 


'^C-O '^DD 




TEST CIRCUITS (Cont'd) 


VdD 




Fig. 10— Quiescent device current. 




Fig. 1 1— Turn-on and turn-off propagation delay— address select input to signal output 
(e.g. measured on channel 0). 


Fig. 12— Turn-on and turn-off propagation delay- 

inhibit input to signal output (e.g. measured 
on channel 1 ). 


234 









































CD4067B, CD4097B Types 




KEITHLEt 
160 DIGITAL 
MULTIMETER 




Fig. 13— Channel ON resistance measurement circuit. ^'9- Propagation de, ‘ay waveform channel 

being' turned ON (Ri_ = 10 K Cl, Ci^ = 50 pF). 


Fig. 15— Propagation delay waveform, channel 
being turned OFF (R = 300 il, 

= 50 pF). 
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CD4067B, CD4097B Types 


SPECIAL CONSIDERATIONS 

In applications where separate power sources 
are used to drive Vdd ^nd the signal inputs, 
the Vdd current capability should exceed 
Vdd/Rl (R L~effective external load). This 
provision avoids permanent current flow or 
clamp action on the Vdd supply when power 
is applied or removed from the CD4067B or 
CD4097B. 

When switching from one address to another, 
some of the ON periods of the channels of 
the multiplexers will overlap momentarily, 
which may be objectionable in certain appli- 
cations. Also when a channel is turned on or 
off by an address input, there is a momen- 
tary conductive path from the channel to 
VSS/ which will dump some charge from any 
capacitor connected to the input or output 
of the channel. The inhibit input turning on 
a channel will similarly dump some charge to 

vss- 

The amount of charge dumped is mostly a 
function of the signal level above Vss- 
Typically, at Vdd-VsS^^O V, a 100-pF 


capacitor connected to the input or output 
of the channel will lose 3-4% of its voltage at 
the moment the channel turns on or off. 
This loss of voltage is essentially independent 
of the address or inhibit signal transition 
time, if the transition time is less than 1-2 iJs. 
When the inhibit signal turns a channel off, 
there is no charge dumping to VsS- Rather, 
there is a slight rise in the channel voltage 
level (65 mV typ.) due to capacitive coupling 
from inhibit input to channel input or output. 
Address inputs also couple some voltage 
steps onto the channel signal levels. 

In certain applications, the external load- 
resistor current may include both Vdd 
signal-line components. To avoid drawing 
Vdd current when switch current flows into 
the transmission gate inputs, the voltage drop 
across the bidirectional switch must not ex- 
ceed 0.8 volt (calculated from Rqn values 
shown in ELECTRICAL CHARACTERIS- 
TICS CHART). No Vdd current will flow 
through Rl if the switch current flows into 
terminal 1 on the CD4067B, terminals 1 and 
17 on the CD4097B. 



Dimensions and pad layout for CD4067BH. 


Dimensions and pad layout for CD4097BH. 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10~^ inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4068B Types 


CMOS 8-Input 
NAND/AND Gate 

High-Voltage Types (20-Volt Rating) 


The RCA-CD4068B NAND/AND gate pro- 
vides the system designer with direct imple- 
mentation of the positive-logic 8-input NAND 
and AND functions and supplements the 
existing family of CMOS gates. 

The CD4068B types are supplied in 14-lead 
dual-in-line ceramic packages (D and F suf- 
fixes). 14-lead dual-in-line plastic packages 
(E suffix), 14-lead ceramic flat packages (K 
suffix), and in chip form (H suffix). 


K«A B C D E F-G-H- 



92CS-24578N2 


NC* NO CONNECTION 

TERMINAL ASSIGNMENT 


Features: 

■ Medium-Speed Operation: 

tPHL. tpLH = 75 ns (typ.) at Vqd = 10 V 

■ Buffered inputs and outputs 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Standardized symmetrical output characteristics 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 pA at 18 V 
over full package-temperature range; 

100 nAat 18 V and 2S^C 

■ Noise margin (over full package-temperature 
range); 1 V at VqD = 5 V 

2VatVDD = 10V 2.5 V at Vqd = 15 V 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, ''Standard Specifications 
for Description of 'B' Series CMOS Devices" 



RECOMMENDED 
OPERATING CONDITIONS 

For maximum reliability, nominal operating 
conditions should be selected so that operation 
is always within the following ranges; 


CHARACTERISTIC 

Min. 

Max. 

Units 

Supply-Voltage Range 
(For T^ = Full Package 
Temperature Range) 

3 

18 

V 



STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (®C) 
Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at -40, +25, +85 Apply to E Package 

UNITS 

Vo 

(V) 

V|N 

(V) 

Vdd 

(V) 


+25 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 

Quiescent Device 
Current, 

IDD Max. 

- 

0,5 

5 

0.25 

0.25 

7.5 

7.5 

- 

0.01 

0.25 

pA 

- 

0,10 

10 

0.5 

0.5 

15 

15 

- 

0.01 

0.5 

- 

0,15 

15 

1 

7 

30 

30 

- 

0.01 

1 

- 

0,20 

20 

5 

5 

150 

150 

- 

0.02 

5 

Output Low 
(Sink) Current 
Iql Min. 

0.4 

0.5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

34 

6.8 

- 

Output High 
(Source) 

Current, 

IqH Min. 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Voltage; 
Low-Level, 

Vql Max. 

- 

0,5 

5 

0.05 

- 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output Voltage: 
High-Level, 

VqH Min. 

- 

0,5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage, 

V|L Max. 

0.5.4.5 

- 

5 

1.5 

— 

- 

1.5 

V 

1,9 

- 

10 

3 

- 

- 

3 

1.5,13.5 

- 

15 

4 

- 

- 

4 

Input High 
Voltage, 

V|H Min. 

0.5,4.5 

- 

5 

3.5 

3.5 

- 

- 

1,9 . 

- 

10 

7 

7 

- 

- 

1.5,13.5 

- 

15 

1 1 

11 

- 

- 

Input Current 
l|N Max. 


0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10”^ 

±0.1 

pA 



Fig. 2 — Typical output low (sink) current 
characteristics. 



Fig. 3 — Minimum output low (sink) 
current characteristics. 
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CD4068B Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Voq) 

(Voltages referenced to Vss Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqq +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pp): 

For = -40 to +60®C (PACKAGE TYPE E) 500 mW 

For Ty^ = +60 to +85“C (PACKAGE TYPE E) Derate Linearly at 12 mW/“C to 200 mW 

For T^ = -55 to +100»C (PACKAGE TYPES D, F, K) 500 mW 

For = +100 to +125‘‘C (PACKAGE TYPES D, F. K) Derate Linearly at 12 mW/“C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T^): 

PACKAGE TYPES D, F, K, H -55 to +125“ C 

PACKAGE TYPE E -40 to +85“ C 

STORAGE TEMPERATURE RANGE (Tstg) -65 to +1 50“ C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265“C 


DYNAMIC ELECTRICAL CHARACTERISTICS 

At = 25 ° C; Input tj., tf = 20ns, Cj_ = 50 pF, = 200kil 


CHARACTERISTIC 

TEST CONDITIONS 

ALL TYPES 

LIMITS 

UNITS 


'^DD 

VOLTS 

TYP. 

MAX. 

Propagation Delay Time, 


5 

150 

300 


^PHL. tPLH 


10 

75 

150 

ns 



15 

55 

110 











m 






■■ 










DRAIN-TO-SOURCE VOLTAGE (Vos)—V 



Fig. 4 — Typical output high (source) 
current characteristics. 


DRAIN-TO-SOURCE VOLTAGE (Vds)— V 



92CS-2432lf 

Fig. 5 — Minimum output high (source) 
current characteristics. 
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Fig. 6 — Typical transition time as a function 
of load capacitance. 
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Fig. 8 — Typical propagation delay time 
as a function of load capacitance. 
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CD4068B Types 



Fig. 9 — Typical voltage transfer charac- 
teristics (NAND output). 




Fig. 10— Typical dynamic power dissi- 
pation as a function of frequency. f^‘9- ~ Quiescent-device-current test circuit. 






note; 

V$3 TEST ANY COMBINATION 




Fig. 12 — Input current test circuit. 


Fig. 13 — Input-voltage test circuit. 


Fig. 14 - Dynamic power dissipation 
test circuit. 



57-65 

(I.448-I.65I) 


92CS -29097 


Dimensions and pad layout for CD4068BH. 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10~^ inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +76 mils applicable to the nominal 
dimensions shown. 
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CD4069UB Types 


CMOS Hex Inverter 

High-Voltage Types (20-Volt Rating) 


The RCA-CD4069UB types consist of six 
CMOS inverter circuits. These devices are 
intended for all general-purpose inverter 
applications where the medium-power TTL- 
drive and logic-level-conversion capabilities 
of circuits such as the CD4009 and CD4049 
Hex Inverter/Buffers are not required. 

The CD4069U B-Series types are supplied in 
14-lead hermetic dual-in-line ceramic pack- 
ages (D and F suffixes), 14-lead dual-in-line 
plastic package (E suffix), 14-lead ceramic 
flat package^ (K suffix), and in chip form (H 


Features: 

■ Standardized symmetrical output 
characteristics 

■ Medium Speed Operation-tpHL,tpi ^“30 ns (typ.) 
at 10 V 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 jtiA at 18 V 
over full package-temperature range; 

100 nA at 18 V and 250 c 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 

■ Logic inversion 



■ Pulse shaping 

■ Oscillators 

■ High-input-impedance amplifiers 

RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges; 


CHARACTERISTIC 

LIMITS 

Min. 1 Max. 

UNITS 

Supply Voltage Range (For Ta=FuII Package 
Temperature Range) 

3 

18 

V 



0 25 5 7.9 10 125 19 

INPUT VOLTAGE (Vrl-V 

92CS-28636RI 


Fig. 1 - Minimum and maximum voltage 


MAXIMUM HAIXHQS, Absolute-Maximum Values: 


transfer characteristics. 


DC SUPPLY-VOLTAGE RANGE, (V^q) 

(Voltages referenced to Vss Terminal) — 0.5 to -*-20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pd): 

For Ta = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For Ta = -55 to +100° C (PACKAGE TYPES D, F, K) 500 mW 

For Ta = +100 to +125° C (PACKAGE TYPES D, F, K) . . . Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ta = full PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 


OPERATING-TEMPERATURE RANGE (Ta): 


PACKAGE TYPES D, F, K, H -55 to +1 25°C 

PACKAGE TYPE E . . . . -40 to + 85 OC 


STORAGE TEMPERATURE RANGE (Tstg) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 ± 1 /32 inch ( 1 .59 ± 0.79 mm) from case for 10s max +265°C 



DYNAMIC ELECTRICAL CHARACTERISTICS at T^ = 25°C; Input t^, tf = 20 ns, 
Cl = 50pF, RL = 200Kn 


Fig. 2 — Typical voltage transfer characteristics as a 
function of temperature. 




15 

40 

80 


0 2.5 5 7.5 10 12.5 15 

INPUT VOLTAGE (Vi)— V 

Input Capacitance; C||\j 

Any Input 

10 

15 

pF 
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CD4069UB Types 


rATIC ELECTRICAL CHARACTERISTICS 


-TL 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D.F.K.H Packages 
Values at -40, +25, +85 Apply to E Package 

UNITS 

Vo 

(V) 

V|N 

(V) 

VdD 

(V) 


+25 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 

uiescent Device 
Current, 

IDD Max. 

- 

0,5 

5 

0.25 

0.25 

7.5 

7.5 

- 

0.01 

0.25 

pA 

- 

0,10 

10 

0.5 

0.5 

15 

15 

- 

0.01 

0.5 

- 

0,15 

15 

1 

1 

30 

30 

- 

0.01 

1 

- 

0,20 

20 

5 

5 

150 

150 

- 

0.02 

5 

utput Low 
(Sink) Current 
Iql Min. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

34 

6.8 

- 

utput High 
(Source) 

Current, 

Iqh Min. 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-O.bl 

-1 

- 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

utput Voltage: 
Low-Level, 

Vql Max. 

- 

5 

5 

0.05 

- 

0 

0.05 

V 

- 

10 

10 

0.05 

- 

0 

0.05 

- 

15 

15 

0.05 

- 

0 

0.05 

utput Voltage: 
High-Level, 

VqH Min. 

- 

0 

5 

4.95 

4.95 

5 

- 

- 

0 

10 

9.95 

9.95 

10 

- 

- 

0 

15 

14.95 

14.95 

15 

- 

iput Low 
Voltage, 

V||_ Max. 

4.5 

- 

5 

1 

— 

- 

1 

V 

9 

- 

10 

2 

- 

- 

2 

13.5 

- 

15 

2.5 

- 

- 

2.5 


0.5 

- 

5 

4 

4 

- 

— 

1 

- 

■El 

8 

8 

— 

— 

1.5 

- 

la 

12.5 


- 

- 
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92CS-24A44 


Fig. 6 — Schematic 
inverters. 


Vss 92CS-23738R2 

diagram of one of six identical 


Fig. 7 — CD4069UB terminal assignment. 



Fig. 4 — Typical output low (sink) 
current characteristics. 



Fig. 5 — Minimum output low (sink) 
current characteristics. 


DRAIN-TO-SOURCE VOLTAGE (VqsI—V 



Fig. 8 — Typical output high (source) 
current characteristics. 
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Fig. 9 — Minimum output high (source) 
current characteristics. 



Fig. 10 — Typical propagation delay time vs. 
load capacitance. 



Fig. 11 — Typical propagation delay time vs. 
supply voltage. 
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CD4069UB Types 


IqS |AMBIENT TEMPERATURE (T^ )• 25«C 



LOAD CAPACITANCE (Cl)-pF 

Fig. 12 — Typical transition time vs. load 
capacitance. 
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CL-l5pF(llpF FIXTURE+ 4pFEXT.) 


10 ^ 4 6 8,^ 2 2 4 6 8, -,4 2 4 

INPUT FREQUENCY (f) kHi 

92CS-36682 

Fig. 13— Typical dynamic power dissipation 
vs. frequency. 
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Fig. 14 — Variation of normalized propagation 
delay time (tp^i_ and with 

supply voltage. 



INPUTS I ' 1 OUTPUTS 


NOTE : 

TEST ANY ONE INPUT. WITH OTHER 
INPUTS AT VoD OR Vss 

92CS-27428RI 




NOTE: 

MEASURE INPUTS SEQUENTIALLY, 
TO BOTH Vdd and Vss- 
CONNECT ALL UNUSED INPUTS 
TO EITHER Vqd OR Vss. 



Fig. 18 — Dynamic electrical characteristics test circuit and waveforms. 


1/6 C04069 

OUT 


RfOlOMEG 

92CS-24439RI 

Fig. 20— High-input impedance amplifier. 



1/3 CD4069 



FOR TYPICAL COMPONENT 
VALUES AND CIRCUIT PERFORMANCE, 
SEE APPLICATIW NOTE ICAN-6466 
92CS-24438R2 


Fig. 21 — Typical RC oscillator circuit. 


1/3 C04069 



“ FIXTURE CAPACITANCE 

Fig. 22 — Input pulse shaping circuit 92cs-3668o 

(Schmitt trigger). Fig. 23 - Dynamic power dissipation test circuit. 




Dimensions and pad layout for CD4069UBH. 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10~^ inch). 

The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 


242 







CD4070B, CD4077B Types 


CMOS 

Quad Exclusive-OR and 
Exclusive-NOR Gates 

High-Voltage Types (20-Volt Rating) 

CD4070B — Quad Exclusive-OR Gate 
CD4077B — Quad Exclusive-NOR Gate 

The RCA-CD4070B contains four independ- 
ent Exclusive-OR gates. The RCA-CD4077B 
contains four independent Exclusive-NOR 
gates. 

The CD4070B and CD4077B provide the 
system designer with a means for direct 
implementation of the Exclusive-OR and 
Exclusive-NOR functions, respectively. 

The CD4070B and CD4077B types are sup- 
plied in 14-lead hermetic dual-in-line ceramic 
packages (D and F suffixes), 14-lead dual- 
in-line plastic packages (E suffix), 14-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix). 

MAXIMUM Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vqq) 

(Voltages referenced to Vss Terminal) 

INPUT VOLTAGE RANGE, ALL INPUTS 

DC INPUT CURRENT, ANY ONE INPUT 

POWER DISSIPATION PER PACKAGE (Pq): 

For Ta = -40 to +60°C (PACKAGE TYPE E) . . . 

For Ta = +60 to -t-85°C (PACKAGE TYPE E) . . . 

For Ta = -55 to +100“ C (PACKAGE TYPES D, F, K) 

For Ta = +100 to +125“C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


Features: 

■ Medium-speed operation— tp^L, tpL[..| = 

65 ns (typ.) at Vqq = 10 V, Cl = 50 pF 

■ 100% tested for quiescent current at 20 V 

■ Standardized symmetrical output characteristics 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Maximum input current of 1 juA at 18 V 
over full package-temperature range; 

100 nA at 18 V and 25°C 

■ Noise margin (overfull package-temperature 
range): 

1 V at Vdq = 5 V 

2 Vat Vqd= 10V 
2.5 Vat Vdd = *15 V 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 

■ Logical comparators ■ Adders/subtractors 

■ Parity generators and checkers 


-0.5 to +20 V 

-0.5 to Vdd +0.5 V 

±10mA 

500 mW 

Derate Linearly at 12 mW/°C to 200 mW 



500 mW 

. Derate Linearly at 12 mW/°C to 200 mW 


RECOMMENDED 
OPERATING CONDITIONS 


FOR Ta = full PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H -55 to +1 25°C 

PACKAGE TYPE E -40 to +85^0 

STORAGE TEMPERATURE RANGE (Tstg) -65to+l50°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 ± 1 /32 inch ( 1 .59 ± 0.79 mm) from case for 10s max +265°C 


For maximum reliability, nominal operating 
conditions should be selected so that opera- 
tion is always within the following ranges: 


Characteristic 

Min. 

Max. 

Units 

Supply-Voltage Range 
(For Ta = Full Package- 
Temperature Range) 

3 

18 

V 




Fig. 1 - Schematic diagram for CD4070B 
(1 of 4 identical gates 



(TOP VIEW) 

92CS- 24498 


TERMINAL ASSIGNMENT 
CD4070B 



(TOP VIEW) 

92CS-24499R2 


TERMINAL ASSIGNMENT 
CD4077B 
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CD4070B, CD4077B Types 



(1 of 4 identical gates). 


TRUTH TABLE CD4077B 
1 of 4 Gates 


A 

B 

J 

0 

0 

1 

1 

0 

0 

0 

1 

0 

1 

1 

1 


1 = HIGH LEVEL 
0= LOW LEVEL 
j = A e B 


STATIC ELECTRICAL CHARACTERISTICS 


CHARAC- 

TERISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (^C) 
Values at -55, +25, +125 Apply to D, F, K, H Pkgs. 
Values at — 40,+25,+85 Apply to E Pkgs. 

UNITS 

Vo 

(V) 

V|N 

(VI 

VdD 

(V) 

-55 

-40 

+85 

+125 

+25 

Min. 

Typ. 

Max. 

Quiescent 

Device 

Current 

Iqd Max. 

- 


5 

1 

Wl 


30 

Bii 


1 

iuA 

- 

BiEI 

■Ell 

2 

2 

60 

EB! 

HI 

■iiipJII 

2 

- 

PIM 

mm\ 

4 

4 

lEQI 

El 

BBB 


4 

- 

laHii 

20 




^01 

- 

0.04 

20 

Output Low 
(Sink) 
Current, 

Iql Min. 


■ 



liW 


BBI 

0.51 

1 

_ 

mA 

0.5 

pipi 

10 

1.6 

IBi 

mm 


■a 

2.6 

- 

1.5 

QS 

mm\ 

4.2 

4 


BB 

3.4 

6.8 

- 

Output High 
(Source) 
Current, 

•oh Min. 

4.6 

■ifei 

5 


Biisn 

gilEM 

Pica 


-1 

- 

2.5 

0,5 

5 

-2 

-1.8 

BEB 

BMUi 

BO 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 



EQ 

-2.6 

- 

13.5 

0,15 

15 

-4.2 



Bl 

Ea 


- 

Output Volt- 
age: 

Low- Level/ 
Vql Max. 

_ 

0,5 

5 

0.05 

■ 



V 

- 

BQI 


0.05 

- 

0 

liTta 

- 



0.05 

- 

0 


Output Volt- 
age; 

High-Level, 
Vqh Min. 

■ 


fl 

4.95 

4.95 

5 


- 

EKBI 


9.95 


10 

- 

- 



14.95 


15 

- 

Input Low 
Voltage, 

V||_ Max. 


- 

— 1 

1.5 

- 

_ 

iWM 

V 

1,9 

- 

■El 


bh 

bbb 



- 

mm 

4 

- 

- 

4 

Input High 
Voltage, 

V|^ Min. 


- 

5 

3.5 

BBIB 

_ 

_ 

1.9 

- 

mm 

7 

7 

_ 

_ 


- 




- 

- 


■ 

0,18 

18 

±0.1 

±0.1 

±1 


1 

ffl 


juA 



Fig. 3 — Typical output low (sink) 
current characteristics. 



92CS-243I9RI 

Fig. 4 - Minimum output low (sink) 
current characteristics. 
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Fig. 5 — Typical output high (source) 
current characteristics. 


DRAIN-TO-SOURCE VOLTAGE (Vds)— V 



Fig. 6 — Minimum output high (source) 
current characteristics. 
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CD4070B, CD4077B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T^ = 250C; Input t^. tf = 20 ns. 
Cl = 50 pF. Rl = 200 KH 


CHARACTERISTIC 


ALL TYPES 
LIMITS 

UNITS 


Max. 

Propagation Delay Timej ^PHL'^PLH 

IHBHH 

HHW 

280 

ns 

10 

65 

130 

15 

50 

100 

Transition Timej tTHL'^TLH 

5 

100 

200 

ns 

10 

50 

100 

15 

40 

80 

Input Capacitance; C|(\| 

Any Input 

5 

7.5 

pF 



Fig. 8 — Typical propagation delay time 
as a function of load capacitance. 
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Fig. 9 — Typical propagation delay time 
as a function of supply voltage. 
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Fig. 1 1 —Input current test circuit. 


(|. 753-1. 956) 



function of load capacitance. 



Fig. 10— Typical dynamic power dissipation 
as a function of input frequency. 



Fig. 12 — Input-voltage test circuit. 


Dimensions and pad layout for CD4077BH. 
Dimensions and pad layout for 
CD4070BH are identical. 

Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10~^ inch). 

The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to -tie mils applicable to the nominal 
dimensions shown. 


^00 



Fig. 13 — Quiescent-device-current 
test circuit. 



Fig. 14 — Dynamic power dissipation 
test circuit. 
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CD4071B, CD4072B, CD4075B Types 


CMOS OR Gates 

High-Voltage Types (20-Volt Rating) 


CD4071B 

Quad 

2-Input 

OR 

Gate 

CD4072B 

Dual 

4-Input 

OR 

Gate 

CD4075B 

Triple 

3-Input 

OR 

Gate 


The RCA-CD4071B, CD4072B, and 
CD4075B OR gates provide the system 
designer with direct implementation of the 
positive-logic OR function and supplement 
the existing family of CMOS gates. The 
CD4071. CD4072. and CD4075 types are 
supplied in 14-lead dual-in-line ceramic 
packages (D and F suffixes). 14-lead dual- 
in-line plastic packages (E suffix), 14-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix). 


Features: 

m Medium-Speed Operation-tp|_^, 

tpHL “ 60 ns (typ.) at Vqq = 10 V 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 juA at 18 V 

over full package-temperature range; 100 nA at 
18 V and 250C 

■ Standardized, symmetrical output characteristics 

■ Noise margin (over full package temperature 

range) 

1 Vat Vdd= 5 V 

2 Vat Vdd = 10V 
2.5 Vat Vdd = 15 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tenta- 
tive Standard No. 13 A, "Standard 
Specifications for Description of 'B' Series 
CMOS Devices" 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

mijgi 

MIN. 

MAX. 

Supply-Voltage Range (For J = Full Package-Temperature 
Range) 

3 

18 

V 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (®C) 
Values at -55, ^25, +125 Apply to D, F, K, H Packages 
Values at -40, -<-25, +85 Apply to E Package 

UNITS 

Vo 

(V) 

V|N 

(V) 

Vdd 

(V) 


+25 


ea 




Typ. 


Quiescent Device 
Current, 

IDD Max. 

- 


5 

0.25 

0.25 

7.5 

7.5 

- 

0.01 

EE 


- 

QQ 

■El 



mm 

15 

- 



- 

EiBI 

m 

1 

1 

HB 

■a 

- 


1 

- 

EBl 

Bi 

5 

5 


wm 

- 

bei 

5 

Output Low 
(Sink) Current 
Iql Min. 

0.4 


Ei 




bes 

lymi 


- 

1 

0.5 

EIH 

■El 

■El 

■a 

warn 

KEI 

HI 


- 

1.5 

EX3 

■a 

wsm 

4 

ea 

WXM 

mm 

6.8 

- 

Output High 
(Source) 

Current, 
lOH Min. 

4.6 

EM 

■i 






-1 

- 

2.5 

Ea 

a 

IBIi 

BQI 

BEl 


bq 

EB 

- 

9.5 

EIEI 

lEI 

BEI 

-1.5 

mm 

ESI 

BB 


- 

13.5 

EIS 

■a 

Ea 

-4 


Ba 

ESI 

-6.8 

- 

Output Voltage: 
Low-Level, 

Vql Max. 

- 

138 

5 

0.05 

- 

0 

0.05 

V 

- 

BBI 

m 

0.05 

- 

0 

0.05 

- 

Ena 

wm 

0.05 

- 

0 

EEI 

Output Voltage: 
High-Level, 

Vqh Min. 

- 

E3 

5 

4.95 

013 

5 

- 

- 

BIEI 

■El 

9.95 

wsa 

mm 

- 

- 

BQ 

■a 

14.95 


mm 

- 

Input Low 
Voltage, 

V|i_ Max. 

0.5, 4.5 


wm 

1.5 

— 

- 

ta 

V 

1, 9 

- 

■El 

3 

- 

— 

3 

1.5,13.5 

- 

■a 

4 

- 

- 

4 

Input High 
Voltage, 

V|H Min. 

4.5 

- 

Ol 

3.5 


- 

- 

9 

- 

■El 

7 

7 

— 

— 

13.5 

- 
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11 
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BEI 

■1 


Bi 

0,18 
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±1 
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CD4071B, CD4072B, CD4075B Types 


MAXIMUM RAJmGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE. (Vdd) 

(Voltages reTerenced to Vss Terminal) -0,5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq): 

For T^ = -40 to +60° C (PACKAGE TYPE E) 500 mW 

For T;^ = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T;^ = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

For = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

ForT;^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Tp): 

PACKAGE TYPES D. F. K. H -55 to +1 25° C 

PACKAGE TYPE E -40to+85°C 

STORAGE TEMPERATURE RANGE (Tstg) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 


DYNAMIC ELECTRICAL CHARACTERISTICS at T^ = 25‘’C, Input t^, tf = 20 ns, 
and Cl = 50 pF, Rl = 200 kfi 




Fig. 3 — Schematic diagram for CD4071B (1 of 4 identical gates). 



Fig. 5 — Logic diagram for CD4071B (1 of 4 identical gates). 



Fig. 1 — Typical voltage transfer 


characteristics. 



Fig. 2 — Typical propagation delay time 


as a function of load capacitance 




Fig. 4 — Typical output low (sink) current 
characteristics. 



5 10 15 

DRAIN-TO-SOURCE VOLTAGE (Vqs)— V 


Fig. 6 — Minimum output low (sink) current 
characteristics. 
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CD4071B, CD4072B, CD4075B Types 



NOTE- 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH Vqo ANOVss- 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vqo ORVgs- 


Fig. 16 — Input current test circuit. 



Fig. 17 — Input-voltage test circuit. 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~^ inch). 

The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 




Dimensions and pad layout for CD4071B. 


of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 



Dimensions and pad layout for CD4072B. 


Dimensions and pad layout for CD4075B. 




CD4073B, CD4081B, CD4082B Types 


CMOS AND Gates 

High-Voltage Types (20-Volt Rating) 

CD4073B Triple 3-Input AND Gate 
CD4081B Quad 2-Input AND Gate 
CD4082B Dual 4-Input AND Gate 

The nCA-CD4073B, CD4081B and CD- 
4082B AND gates, provide the system de- 
signer with direct implementation of the 
AND function and supplement the existing 
family of CMOS gates. 

The CD4073B, CD4081B and CD4082B 
types are supplied in 14-lead dual-in- 
line ceramic packages (D and F suffixes), 
14-lead dual-in-line plastic packages (E 
suffix), 14-lead ceramic flat packages (K 
suffix), and In chip form (H suffix). 


Features: 

■ Medium-Speed Operation — tp|_^, 

tpHL“60^5 (typ.) at Vqd “ V 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 juA at 18 V over 

full package-temperature range; 100 nA at 
18 V and 250C 

■ Noise margin (full package-temperature 

range) = 

1 V at Vdd = 5 V 

2 Vat Vdd= 10 V 
2.5 Vat Vdd=15 V 

■ Standardized, symmetrical output 

characteristics 

■ 5-V,10-V, and 15- V parametric ratings 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, ''Standard Specifications 
for Description of 'B' Series CMOS Devices" 


MAXIMUM RATINGS, Ajbso/i/fe-Afdx/mi/m Values: 

DC SUPPLY-VOLTAGE RANGE. (Vqq) 

(Voltages referenced to Vss Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to Vdd +0-5 V 

DC INPUT CURRENT. ANYONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pd): 

For Ta = -40 to +60OC (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +850C (PACKAGE TYPE E) Derate Linearly at 12 mW/OC to 200 mW 

For Ta = -55 to +100* C (PACKAGE TYPES b. F, k) 500 mW 

For Ta = +100 to +1 25* C (PACKAGE TYPES D,F,K) . . . Derate Linearly at 12 mW/^C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = full package-temperature range (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F. K, H -55 to +1 25^0 

PACKAGE TYPE E . -40 to +850C 

STORAGE TEMPERATURE RANGE (Tjtg) -65to+150OC 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 ± 1 /32 inch ( 1 .59 ± 0.79 mm) from case for 1 0 s max +265°C 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage Range (For T/^ = Full Package 
Temperature Range) 

3 

18 

V 


DYNAMIC ELECTRICAL CHARACTERISTICS at T;^=25^C, Input t^,t^=20 ns, 
and Cl= 50 pF, Rl= 200 kf2 


CHARACTERISTIC 

TEST CONDITIONS 

ALL TYPES 
LIMITS 

UNITS 


Vdd 

Volts 

TYP. 

MAX. 

Propagation Delay Time. 
tpHL' tpLH 


5 

10 

15 

125 

60 

45 

250 

120 

90 

ns 

Transition Time, 

^THL' ^TLH 


5 

10 

15 

100 

50 

40 

200 

100 

80 

ns 

Input Capacitance, C|fyj 

Any Input 

- 

5 

7.5 

pF 



Vss 


CD4081B 

FUNCTIONAL DIAGRAM 



92CS-27570 


CD4082B 

FUNCTIONAL DIAGRAM 


''dd 





Vss 

92CS-2757I 

CD4073B 

FUNCTIONAL DIAGRAM 
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CD4073B, CD4081B, CD 4082 B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (^C) 
Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at —40, -t-25, +85 Apply to E Package 

UNITS 

Vo 

(V) 

V|N 

(V) 

Vdd 

(V) 


+25 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 

Quiescent Device 
Current, 

IDD Max. 

- 

0,5 

5 

0.25 

0.25 

7.5 

7.5 

- 

0.01 

0.25 

/JA 

- 

0,10 

10 

0.5 

0.5 

15 

15 

- 

0.01 

0.5 

- 

0,15 

15 

1 

1 

30 

30 

- 

0.01 

1 

- 

0,20 

20 

5 

5 

150 

150 

- 

0.02 

5 

Output Low 
(Sink) Current 
Iql Min. 

0.4 

0.5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

34 

6.8 

- 

Output High 
(Source) 

Current, 

IqH Min. 

4.6 

0.5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Voltage; 
Low-Level, 

Vql Max. 

- 

0.5 

5 

0.05 

- 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output Voltage: 
High-Level, 

VqH Min. 

- 

0,5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage, 

V|L Max. 

0.5 

- 

5 

1.5 

— 

- 

1.5 

V 

1 

- 

10 

3 

- 

- 

3 

1.5 

- 

15 

4 

- 

- 

4 

Input High 
Voltage, 

V|H Min. 

0.5, 4.5 

- 

5 

3.5 

3.5 

- 

— 

1,9 

- 

10 

7 

7 

- 

— 

1.5,13.5 

- 

15 

11 

11 

- 

- 

Input Current 
l|N Max. 


0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10-5 

±0.1 

pA 


Voo 



Fig. 1 — Schematic diagram for CD4081B (1 of 4 identical gates}. 



9ZCS- 29269 


Fig. 2 — Logic diagram for CD4081B (1 of 4 identical gates). 


■zoT 


AMBIENT TEMPERATURE (Ta)'25*C 



0 5 10 15 20 25 


INPUT VOLTAGE (V|n> — V 


Fig. 3 — Typical voltage transfer characteristics. 



Fig. 4 — Typical propagation delay time 
as a function of load capacitance. 



Fig. 5 — Typical output low (sink) 
current characteristics. 



Fig. 6 — Minimum output low (sink) 
current characteristics. 
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CD4073B, CD4081B, CD4082BTypes 




1(13) 


DRAIN-TO-SOURCE VOLTAGE (Vos)— V 


AMBIENT TEMPERATURE (Ta) 


tGATE-TO-SOURCE VOLTAGE (Vqs) 


ssisssssBssssssssssssssss 


sskbh: :sBB8BS8s;»kif^r< 

1S8888SS S888888S8S28!.. 

ls8S88|MJl;:si8sis:»sssl 




Fig. 8 — Typical output high (source) 
current characteristics. 


DRAIN-TO-SOURCE VOLTAGE (Vds)-V 
H5 -5 

AMBIENT TEMPERATURE (TA)‘2S«C -|-j - | |-| 1 1 1 1 
I i 1 1 1 } 1 1 i GATy-TO-SOUlTCE WLTMpiv^). V 


Fig. 7 — Schematic diagram for CD4082B (1 of 2 identical gates). 



Fig. 9 — Logic diagram for CD4082B (1 of 2 identical gates). 



^ALL INPUTS ARE PROTECTED BY 
COS/MOS PROTECTION NETWORK 


Fig. 11— Schematic diagram for CD4073B (1 of 3 identical gates). 



Fig. 10 — Minimum output high (source) 
current characteristics. 



LOAD CAPACITANCE (Cl)— pF 

Fig. 12 — Typical transition time as a 
function of load capacitance. 

IqSbI ambient temperature (Ta)-'’*‘*‘~ ' ‘ - 



Fig. 13 — Logic diagram for CD4073B (1 of 3 identical gates). 


I lo loz lo^ 

INPUT FREQUENCY (f i) — kHz 

Fig. 14— Typical dynamic power dissi 
pation per gate as a function 
of frequency. 
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Fig. 15 — Quiescent device current test circuit. 



Fig. 16 — input current test circuit. 



CD4081B 



TOP VIEW 


NC»NO CONNECTION 

92CS-2493rR2 

CD4082B 






The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 


chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4076B Types 


CMOS 4-Bit 
D-Type Registers 

High-Voltage Types (20-Volt Rating) 

The CD4076B types are four-bit registers 
consisting of D-type flip-flops that feature 
three-state outputs. Data Disable inputs are 
provided to control the entry of data into 
the flip-flops. When both Data Disable in- 
puts are low, data at the D inputs are loaded 
into their respective flip-flops on the next 
positive transition of the clock input. Out- 
put Disable inputs are also provided. When 
the Output Disable inputs are both low, the 
normal logic states of the four outputs are 
available to the load. The outputs are disa- 
bled independently of the cipck by a high 
logic level at either Output Disable input, 
and present a high impedance. 

The CD4076B types are supplied in 16-lead 
ceramic dual-in-line packages (D and F 
suffixes), 16-lead dual-in-llne plastic pack- 
ages (E suffix), 1 6-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


Features: 

■ Three-state outputs 

■ Input disabled without gating the clock 

■ Gated output control lines for 

enabling or disabling the outputs 

■ Standardized, symmetrical output 

characteristics 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 /iA at 18 V over 

full package temperature range; 100 nA at 
18 V and 250C 

■ Noise margin over full package temperature 

range: 

1 Vat Vdd = 5 V 

2 Vat Vdd = 10 V 
2.5 Vat Vdd = 15 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 



TERMINAL ASSIGNMENT 


DATA INPUT OUTPUT 

DISABLE DISABLE 





FUNCTIONAL DIAGRAM 



Fig. 1 — Typical output low (sink) 
current characteristics. 


RECOMMENDED OPERATING CONDITIONS at T/^ = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

^DD 

LIMITS 

UNITS 


(V) 

Min. 

Max. 


Supply-Voltage Range (For T/^=Full Package- 



18 

V 

Temperature Range) 


3 


5 

200 



Data Setup Time, t 5 

10 

80 


ns 

15 

60 






- 


Clock Pulse Width, tyy 



- 




- 

im 


5 


3 


Clock Input Frequency, fQ|_ 

10 

dc 

6 

MHz 


15 


8 



5 

- 

15 


Clock Input Rise or Fall Time, tfCL.tfCL 

10 

- 

5 

Ais 


15 

- 

5 



5 

120 

- 


Reset Pulse Width, tyy 

10 

50 


ns 

15 

40 

- 



5 

180 

- 


Data Input Disable Setup Time, t 5 

10 

100 

- 

ns 


15 

70 

- 




92CS -243I9RI 


Fig.2 — Minimum output low (sink) 
current characteristics. 

DRAIN- TO- SOURCE VOLTAGE (Vos)— V 



Fig.3 — Typical output high (source) 
current characteristics. 
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MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vdd) 

(Voltages referenced to Vss Ternfiinal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to VpD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq): 

For T^ = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T^ = +60 to +85° C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T^ = -55 to +100°C (PACKAGE TYPES D, F. K) 500 mW 

For Ty^ = +100 to +125°C (PACKAGE TYPES D, F. K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H -55to+125°C 

PACKAGE TYPE E -40to+85°C 

STORAGE TEMPERATURE RANGE (Tstg) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 


CD4076B Types 


ORAIN-TO-SOURCE VOLTAGE (Vqs) — V 


AMBIENT TEMPERATURE (Ta) 
^±f^g]CATE -TO -SOURCE VOLTAGE (Vqs) 


Fig.4 — Minimum output high (source) 
current characteristics. 


-»'w * 



s 

AMBIENT TEMPERATURE (Ta ) • 25*C : : : : 


r"/ 



\ / \ '~i 500 

I 1 1 1 j [1 r 


's 



;y iiiiiiiii! iiiiiiiiLiiniOM 



VOLTAGE 





0 20 40 60 80 100 120 140 

LOAD CAPACITANCE (CJ—pF 

92CS-27II5 

Fig.6 — Typical propagation deiay time 
vs. load capacitance (dock to Q). 


OUTPUT DISABLE - 
’ PLZ 



-irn 

TEST. 

VOLT. 

' 

AT 0 

AT Q 

•PHZ 

VoD 

Vss 

» PLZ 

Vss 

Vdd 

tPZl, 

VSS 

Vdd 

* PZH 

Vdd 

Vss 


DATA 

INPUT < ^ 

DISABLE IG2(|(^ 


Fig. 5 — Functional waveforms for CD4076B. 



Oita Input 
Oiiable 

Reset Clock G1 G2 



20 40 60 60 100 

LOAD CAPACITANCE (ClI-PF 


Fig. 7 — Typical transition time vs. 
load capacitance. 


When either Output Disable M or N is high, the outputs are 
disabled (high impedance state), however sequential operation 
of the flip flops IS not affected. 

1 = High Level X = Don't Care 

0 = Low Level NC « No Change 


Fig.8 - CD4076B logic diagram. 
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CD4076B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 250C, Input tr,tf = 20 ns. 
Cl = 50 pF, Rl = 200 (Unless otherwise noted) 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 





Typ. 

Max. 

Propagation Delay Time: 



■ 

300 

600 


Clock to Q Ootpiit, tp|_i|_, tpi_|_| 




125 

250 






90 

180 




5 


230 



Reset, 


10 


100 

il 




15 


75 





5 


150 



3-State Output 1 or 0 to High 

Rl= 1 kn 

10 


75 



Impedance, tpHZ- ^PLZ 


15 


60 





5 


150 

300 


3-State High Impedance to 1 

Rl = 1 ka 

10 


75 

150 


or 0 Output, tp2H. ^PZL 


15 


60 

120 




n 

■ 

100 



Transition Time, tjHL' ^TLH 


IB 


50 


ns 




■ 

40 






3 


B| 


Maximum Clock Input Fieciuency, fQj_ 



6 







8 


BBi 




5 


100 

200 


Minimum Clock Pulse Width, tyy 




50 

100 




’ll 



80 


Maximum Clock Input Rise 


n 


■ 

■ 


or Fall Time, 







Vcl' ^fcl 




B 

H 





Hi 

60 

120 


Minimum Reset Pulse With, 


10 


25 

50 

ns 



15 


20 

40 




5 


100 

200 


Minimum Data Setup Time, t5 


10 

- 

40 

80 

ns 



15 


30 

60 


Minimum Data Input Disable 


5 

- 

90 

180 


Setup Time, 15 


10 

- 

50 

100 

ns 



15 

- 

35 

70 


Input Capacitance, C||\i 

Any Input 


- 

5 

7.5 

pF 


''do 





NOTE 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH Vqd ANO Vss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
VoD ^ V55 


Fig. 11 — Quiescent device current test circuit. 


Fig. 12 - Input voltage test circuit. 


Fig. 13 — Input current test circuit. 
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CD4076B Types 


STATIC ELECTRICAL CHARACTERISTICS. 


AMBIENT TEMPERATURE (Ta)«25*C 
LOAD CAPACITANCE (Cl)»50pF 


CHARACTER- 


LIMITS AT INDICATED TEMPERATURES {°C) 
CONDITIONS Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at —40, +25, +85 Apply to E Package 


ISTIC 

Vo 

V|N 

Vdd 



+25 


(V) 

(V) 

(V) 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 

Quiescent Device 

- 

0,5 

5 

5 

5 

150 

150 

- 

0.04 

5 

Current, 

- 

0,10 

10 

10 

10 

300 

300 

- 

0.04 

10 

IDD Max. 

- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 


- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

Output Low 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

(Sink) Current 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

Iql Min. 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

34 

6.8 

- 

Output High 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

(Source) 

2.5 

0.5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

Current, 

I ptu Min 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 


13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Voltage: 

- 

0.5 

5 . 

0.05 

- 

0 

0.05 

Low-Level, 

Vql Max. 

- 

0,10 

10 

0.05 

- 

0 

0.05 


- 

0,15 

15 

0.05 

- 

0 

0.05 

Output Voltage; 

- 

0,5 

5 

4.95 

4.95 

5 

- 

High-Level, 

- 

0,10 

10 

9.95 

9.95 

10 

- 

Vqh Min. 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 

0.5, 4.5 

- 

5 

1.5 

— 

- 

1.5 


Voltage, 
V|L Max. 

Input High 
Voltage, 
V|H Min, 


1, 9 

1.5,13.5 ' 
0.5, 4.5 
1, 9 

1.5,13.5 


Input Current 
l|N Max. 

.. 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10-5 

±0.1 

mA 

3-State Output 
Leakage Current 
lOUT Max. 

0,18 

0,18 

18 

±0.4 

±0.4 

±12 

±12 

- 

±10-4 

±0.4 

pA 



SUPPLY VOLTAGE (Vdo1-V 


Fig.9 — Typical maximum dock input 
frequency vs. supply voltage. 


G^MBIENT TEMPERATURE (Ta)-25*C 




Cl»50pF- 

y] Cl .15 pF 


. _ - 68 248 

10 10^ ICp 10^ 

INPUT FREQUENCY (f)-kHz 


Fig. 10 — Typical dynamic power dissipation 
vs. frequency. 


lO 20 30 40 50 60 70 80 I 



69-77 

(1.753-1.956) 


Dimensions and pad layout for CD4076BH 

Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10~^ inch). 

The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


4- lO 

(0.I02- 0.254) 

82-90 — 

(2.083-2.286) 
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CD4078B Types 


CMOS 8-Input 
NOR/OR Gate 

High-Voltage Types (20-Volt Rating) 

The RCA-CD4078B NOR/OR Gate provides 
the system designer with direct implementa- 
tion of the positive-logic 8-input NOR and 
OR functions and supplements the existing 
family of CMOS gates. 

The CD4078B types are supplied in 14-lead 
dual-in-line ceramic packages (D and F suf- 
fixes), 14-lead dual-in-line plastic packages 
(E suffix), 14-lead ceramic flat packages (K 
suffix), and in chip form (H suffix). 


Features: 

■ Medium-Speed Operation: 

tPHL. tpLH = 75 ns (typ.) at Vdd = 10 V 

■ Buffered inputs and output 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Standardized symmetrical output characteristics 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 juA at 18 V 
over full package-temperature range: 

100 nAat 18 V and 250C 

■ Noise margin (over full package-temperature 

range): 1VatVDD = 5V 

2 V at Vdd = 10 V 2.5 V at VdD = 15 V 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 


MAXIMUM Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V^q) 

(Voltages referenced to Vss Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to VpD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pd): 

For Ta = -40 to +60OC (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For Ta =-55 to +100° C (PACKAGE TYPES D,F, K) 500 mW 

For Ta = +100 to +125° C (PACKAGE TYPES D, F, K) • • - Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H -55 to +1 250C 

PACKAGE TYPE E -40 to +850C 

STORAGE TEMPERATURE RANGE (Tjtg) -65 to +150OC 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 ± 1 /32 inch ( 1 .59 ± 0.79 mm) from case for 10s max +265°C 


RECOMMENDED 
OPERATING CONDITIONS 
For maximum reliability, nominal operating 
conditions should be selected so that operation 
is always within the following ranges: 



CHARACTERISTIC 

Min. 

Max. 

Units 

Supply-Voltage Range 
(For Ta Full Package 
Temperature Range) 

3 

18 

V 




92CS- 23877R4 

FUNCTIONAL DIAGRAM 



Fig. 2 — Typical output low (sink) current 
characteristics. 



DYNAMIC ELECTRICAL CHARACTERISTICS 

At T^= 25° C; Input tf = 20 ns, = 50 pF, R ^ = 200kil 


CHARACTERISTIC 

TEST CONDITIONS 

ALL TYPES 

LIMITS 

UNITS 


^DD 

VOLTS 

TYP. 

MAX. 

Propagation Delay Time, 


5 

150 

300 


^PHL. tPLH 


10 

75 

150 

ns 



15 

55 

110 




5 

100 

200 


Transition Time, 


10 

50 

100 

ns 

tTHL. tJLH 


15 

40 

80 


Input Capacitance, C||\| 

Any Input 

5 

7.5 

pF 


Fig. 3 — Minimum output low (sink) 
current characteristics. 

DRAIN-TO-SOURCE VOLTAGE (Vos)— V 



Fig. 4 — Typical output high (source) current 
characteristics. 
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CD4078B Types 


STATIC ELECTRICAL CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (Vos)- 


CHARACTER- 


LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITIONS Values at -55, +25, +125 Apply to D, F, K, H Packages 

Values at —40, +25. +85 Apply to E Package 


AMBIENT TEMPERATURE (T*) 

i flltl-Hl ltlfll H IIII HM Ill 

. GATE-TO-SOURCE VOLTAGE (Vqs) 


ISTIC 

Vo 

V|N 




1 +25 


(V) 

(V) 

(V) 

-55 

-40 

+85 

+125 

Min, 

Typ. 

Max. 

Quiescent Device 

- 

0,5 

5 

0.25 

0.25 

7.5 

7.5 

- 

0.01 

0.25 

Current, 

- 

0,10 

10 

0.5 

0.5 

15 

15 

- 

0.01 1 

0.5 

IDD Max. 

- 

0,15 

15 

1 

1 

30 

30 

- 

0.01 

I 


- 

0,20 

20 

5 

5 

150 

150 

- 

0.02 I 

5 

Output Low 

0.4 

0.5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 


(Sink) Current 

0.5 

0.10 

10 

1.6 

1.5 

1.1 

0.9 

13 

2.6 


Iql Min. 

1.5 

0.15 

15 

4.2 

4 

^.8 

2.4 

34 

6.8 


Output High 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

- 1 


(Source) 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3 2 


Current, 

1 Lj Min 

9.5 

0,10 

10 

-16 

-1.5 

-1.1 

-0.9 

-13 

-2 6 



13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 



ilWIiii 



Fig. 5 — Minimum output high (source) 
current characteristics. 


Output Voltage. 
Low-Level, 

Vql Max, 

Output Voltage: 
High-Level, 
Vqh Min. 

Input Low 
Voltage, 

V|L Max. 


- 

0,5 

5 

0.05 


0 

0.05 

- 

0,10 

10 

0.05 


0 

005 


0,15 

15 

0.05 


0 

0.05 

- 

0,5 

5 

4.95 

4.95 

5 


- 

0,10 

10 

9.95 

9.95 

10 


- 

0,15 

15 

14,95 

14.95 

15 


0.5, 4. 5 

- 

5 

1.5 

— 

- 

1.5 



| jjgijjaaiijiiiii ijjijsa^ 


LOAD CAPACITANCE (Cu)— pF 

Fig. 6 — Typical transition time as a 
function of load capacitance. 




DETAIL OF INVERTERS 




Fig, 7 _ Typical propagation delay time 
as a function of load capacitance. 


AMBIENT TEMPERATURE (Tft) «25*C: h I ! L ! [ I ‘ ! 


SUPPLY VOLTAGE ( VqoI = 15 V : 


iiX •••* •••• •••• iiil •••• • 




"^ALL INPUTS PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 


Fig. 8 — Schematic diagram. 


0 5 10 15 20 

INPUT VOLTAGE ( Vi) — V 

Fig. 9 — Typical voltage transfer charac- 
teristics (NOR output). 
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CD4078B Types 



''do 




Fig. 10— Typical dynamic power dissipation 

as a function of frequency. ^*9- 1 1 — Quiescent-device-current test circuit. Fig. 12 — Input current test circuit. 




m J«AfB+C+D+E+F4G+H 
A K-A4B4C4-D4E4F404H 
NC* NO CONNECTION 

92CS-24593R2 


Fig. 13 - Input-voltage test circuit. Fig. 1 4 - Dynamic power dissipation test circuit. TERMINAL ASS I G N M E N T 



Dimensions and pad layout for CD4078BH. 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10~^ inch}. 


The photographs and dimensions of each C^OS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils fo -fte mils applicable to the nominal 
dimensions shown. 
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CD4085B Types 


CMOS Dual 2-Wide 
2-Input AND-OR-INVERT Gate 

High-Voltage Types (20-Volt Rating) 


The RCA-CD4085 contains a pair of AND- 
OR-INVERT gates, each consisting of two 
2-input AND gates driving a 3-input NOR 
gate. Individual inhibit controls are provided 
for both A-O-l gates. 

The CD4085B types are supplied in 14-lead 
dual-in-line ceramic packages (D and F 
suffixes), 14-lead dual-in-line plastic pack- 
ages (Esuffix), 14-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


Features: 

■ Medium-speed operation — tp|.^L “ ^0 ns; 
tpLH " 125 ns (typ.) at 10 V 

■ Individual inhibit controls 

■ Standardized symmetrical output characteristics 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 juA at 18 V over full package- 
temperature range; 100 nA at 18 V and 25°C 

■ Noise margin (over full package- 

temperature range): nsii 

1 VatVD 0 = 5V 
2 Vat V 0 D= 10 V 

2.5 VatVDD = 15V T 

■ 5-V, 10-V, and 15-V parametric ratings i 

■ Meets all requirements of JEDEC Tentative S 

Standard No. 13A, "Standard Specifications § ::cuf 
for Description of 'B' Series CMOS Devices" | 




E • INHIBIT + AB + CD 
LOGIC I* HIGH 
LOGIC 0» LOW 


FUNCTIONAL DIAGRAM 


AMBIENT TEMPERATURE (Ta)* 29*C 44 If I 

ITT TTTX I rr-m T T-t rru i TTrrrH+ i 

rnTtlJit SUPPLY voltage (vooI’isv 



MAXIMUM RJKIXHGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vqd> 

(Voltages referenced to Vss Terminal) 

INPUT VOLTAGE RANGE, ALL INPUTS 

DC INPUT CURRENT, ANY ONE INPUT 

POWER DISSIPATION PER PACKAGE (Pp): 

For Ta = -40 to -^60°C (PACKAGE TYPE E) 

For Ta = +60 to +85°C (PACKAGE TYPE E) Derate Lim 

For Ta = -55 to -t-100“C (PACKAGE TYPES D, F, K) 

For Ta =+100 to -H25°C (PACKAGE TYPES D,F,K) . . . Derate Lim 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ta = full PACKAGE-TEMPERATURE RANGE (All Package Types) 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H 

PACKAGE TYPE E 

STORAGE TEMPERATURE RANGE (Tgtg) 

LEAD TEMPERATURE (DURING SOLDERING); 

At distance 1 /16 ± 1 /32 inch (1 .59 ± 0.79 mm) from case for 10 s max. . 


-0.5 to +20 V 
-0.5 to Vdd +0-5 V 
±1 0 mA 


500 mW 

Derate Linearly at 12 mW/°C to 200 mW 

500 mW 

Derate Linearly at 1 2 mW/°C to 200 mW 


-55 to -H25°C 
-40 to +85^C 
-65 to +150°C 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

I CHARACTERISTIC I LIMITS | UNITS 


Supply-Vbhage Range (For Ta-FuII Package- 
Temperature Range) 


EI*INHI>AIBl-i-CI0l 

E2»INH2+A2B2+C2D^ 


LIMITS 1 

Min. 

Max. 

3 

18 



12 ^ — Cl 
II — INHIBIT 2 
10 I — INHIBIT I 


92CS-23889ei 

Terminal Assignment 


i 10 15 

INPUT VOLTAGE IVjl—V 


Fig. 1 — Typical voltage and current 
transfer characteristics. 


'+®|aMBIENT temperature (T*)-25»C 




17.3 20 22. S 

INPUT VOLTAGE (Vj) — V ■92CS-7«924 


Fig. 2 — Min. and max. voltage transfer 
characteristics. 


lO^I AMBIENT TEMPERATURE IT* I* 25*C 




I 4 ^ 


Fig. 3 — Typical power dissipation vs. frequency. 
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CD4085B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARAC- 


Output Volt- 
age: 

Low-Level, 
Vq|_ Max. 
Output Volt- 
age: 

High-Level, 
Vqh Min. 
Input Low 
Voltage, 
V|L Max. 

Input High 
Voltage, 
VjH Min. 
Input 
Current, 


LIMITS AT INDICATED TEMPERATURES i^C) 
Values at -55, +25, +125 Apply to D, F, K, H Pkgs. 


TERISTIC 

Vo 

V|N 

VdD 





+25 


(V) 

(V) 

(V) 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Quiescent 

- 

0,5 

5 

1 

1 

30 

30 

- 

0.02 

Device 

- 

0,10 

10 

2 

2 

60 

60 

- 

0.02 

Current 

- 

0,15 

15 

4 

4 

120 

120 

- 

0.02 

Iqq Max. 

- 

0,20 

20 

20 

20 

600 

600 

- 

0.04 

Output Low 
(Sink) 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

Current, 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

Iql Min. 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

Output High 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

(Source) 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

Current, 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

Iqh Min. 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 


0,5 5 

0,10 10 

0,15 15 


0.5,4.5 

1,9 

1.5,13.5 

0.5,4.5 

1,9 

1.5,13.5 


0,18 18 


±0.1 

±1 




0 0.05 

0 O.OE 

0 O.OE 





r 

! 

im 

iiiii 

1 




im 

liii 

im 


LOAD CAPACITANCE (Cl) — pF 

Typical data high-to-low level propagation 
delay time vs. load capacitance. 


iaiig|i|!||l|S!!!liii!;i^!!i 


LOAD CAPACITANCE (Cl)— pF 

Fig. 5 — Typical data low-to-high level propagation 
delay time vs. load capacitance. 



SUPPLY VOLTAGE lVoo)-V 

92CS- 24527 

Fig. 6 — Typical data propagation delay time vs. 
supply voltage. 
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CD4085B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T^ = 250C; Input t^ tf = 20 ns, 
Cl = 50pF. Rl = 200 K^2 


lAMBIENT TEMPERATURE (Ta)*25*CH 


CHARACTERISTIC 


Propagation Delay Time (Data): 

High-to-Low Level, ^PHL 


Low'to-High Level, 

^PLH 

Propagation Delay Time (Inhibit) 


High-to-Low Level, 

^PHL 

Low-to-High Level, 

tPLH 

Transition Time, 

^THL' ^TLH 

Input Capacitance, 

C|N 




LIMITS 1 

Typ. 

Max. 

225 

450 

90 

180 

65 

130 


310 620 


125 250 


90 180 


300 


60 120 


40 80 


500 


100 200 


140 


100 200 



lENT TEMPERATURE (Ta)*25 ^ TTTT] I I I I | I I I I 

H GATE-TO-SOURCE voltage (Vgs)*-5V " 


!■■■■■■■■■■■■■■■■ 


riaaaauaaaaaaaaaaaaaaaaaaaa 


ORAIN-TO-SOURCE VOLTAGE (Vos) — V 

Fig. 7 — Typical output low (sink) 
current characteristics. 



AMBIENT TEMPERATURE (Ta)» 25»C-t f f ) M -HH+I 

iHJJ^MH IIIIIIIIlfHffhHl 

U gaTE-TO-SOURCE voltage (Vgg)* - 5 V 


LOAD CAPACITANCE (C^I-pF 


Fig. 9 — Typical transition time vs. load 
capacitance. 


Fig. 10 — Typical output high (source) 
current characteristics. 


Fig. 11 — Minimum output high (source) 
current characteristics. 




NOTE 

TEST ANY COMBINATION 
OF INPUTS 


MD* 

Vss 



NOTE: 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH Vdo ANO Vss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 


Fig. 12 — Quiescent device current test circuit. 


Fig. 13 — Input voltage test circuit. 


Fig. 14 — Input current test circuit. 
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CD4085B Types 



Fig. 15 — CD4085 schematic diagram. 


0 10 20 30 40 49 



92CS-32204 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10~^ inch). 

The photographs and dimensions ol each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should considers tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 


Dimensions and Pad Layout for CD408SBH. 



CD4086B Types 


CMOS Expandable 4-Wide 
2-Input AND-OR-INVERT Gate 

High-Voltage Types (20-Volt Rating) 


The RCA-CD4086B contains one 4-wide 
2-input AND -OR-INVERT gate with an 
INHIBIT/E)^ input and an ENABLE/ 
EXP inp ut. F or a 4-wide A-O-l function 
INHIBIT/EXP is tied to Vss and ENABLE/ 
EXP to Vqq. See Fig.ioand its associated 
explanation for applications where a cap- 
ability greater than 4-wide is required. 

The CD4086B is supplied in 14-lead dual-in- 
line ceramic packages (D and F suffixes), 
14-lead dual-in-line plastic packages (E suf- 
fix), 14-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 


Features: 

■ Medium-speed operation — tpHL ~ ^ ns; 

tPLH = 140 ns (typ.) at 10 V 

■ INHIBIT and ENABLE inputs 

■ Buffered outputs 

■ 100% tested for quiescent current at 20 V 

■ Maximum input leakage current of 18 V 

over full package-temperature range; 

100 n A at 18 V and 25°C 

■ Noise margin (over full package 

termperature range): 

1 V at Vdd = 5 V 

2 Vat Vdd = 10 V 
2.5 Vat Vdd = 15 V 

■ Standardized, symmetrical output 

characteristics 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 




TERMINAL ASSIGNMENT 



MAXIMUM Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V^q) 

(Voltages referenced to Vss Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to Vqd +0.5 V 

DC INPUT CURRENT, ANYONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq): 

For Ta = -40 to +60OC (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +850C (PACKAGE TYPE E) Derate Linearly at 1 2 mW/°C to 200 mW 

For Ta = -55 to + 100 “C (PACKAGE TYPES D,F,K) . 500 mW 

For T A = +1 00 to +1 25“ C (PACKAGE TYPES D, F, K) . . . Derate Linearly at 1 2 mW/^C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

P^KAGE TYPES D, F, K, H -55 to +125^0 

PACKAGE TYPE E -40 to +850C 

STORAGE TEMPERATURE RANGE (Tstg) -65to+150OC 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from case for 10 s max +265°C 



Fig^ 1 _ Typical voltage and current transfer 
characteristics. 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage Range (ForTA = Full Package- 
Temperature Range) 

3 

18 

V 


AME 

lENT TEMPERATURE (T,^|.2S»cl Ijj I | |H I ( ftlltll [1 

IS 

- [jlllll 

III I III 


T 

i 

y 'o--- 
< 

5 :: j 

■ 

n 

''do 


■■■■■■■■■ 

mmmmmummm 
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::s:::s:s 

mmmmmmmnm 

rnrn^mmmmmm 

mmBummmum 

mmmmmmmum 

■■■■■■■■■ 

■■■■iaavB 

■■■■■■■■ 

ummmmmmm 

mummmmmm 
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mmmmmumm 

aaBBBBaB 

BaBBBBBB 
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BIBBBBBB 

BIBBBBBB 

BIBBBBBB 
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0 S 10 IS 

INPUT VOLTAGE tVx)— V 


Fig. 2 — Minimum and maximum voltage transfer 
characteristics. 
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CD4086B Types 

STATIC ELECTRICAL CHARACTERISTICS 


I AMBIENT TEMPERATURE (Ta)>29*CH; 


CHARAC- 

TERISTIC 


1 Quiescent 
Device 
Current 


CONDITIONS 

Vq |V|n|Vdd 
(V) (V) (V) 

0,5 5 


LIMITS AT INDICATED TEMPERATURES (^C) 

Values at -55, +25, +125 Apply to D, F, K, H Pkgs. 

Values at ■-40,+25,+85 Apply to E Pkgs. UNITS 

~r I -^25 

-55 -40 +85 +125 Min. I Typ. I Max. 


y GATE-TO-SOURCE VOLTAGE Ivos)*!® 



Output Volt- 
age: 

High-Level, 
Vqh Min. 


Input Low 
Voltage, 
V|L Max. 


Input High 
Voltage, 
V|H Min. 


Input 
Current, 
l||y| Max. 


0.5,4.5 


1,9 


1.5,13.5 



15 

11 

18 

±0.1 

±0.1 

±1 

±1 


■ Typical output high (source) 
current characteristics. 


ORAIN-TO-SOURCE VOLTAGE (Vds)- 
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CD4086B Types 


vdd 




Fig. 11 — Typical DATA or ENABLE high-to-iow 
level propagation delay time vs. load 
capacitance. 
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LOAD CAPACITANCE (Cl)— pF 92CS-24502 


Fig. 12 — Typical DATA or ENABLE low-to-high 
level propagation delay time vs. load 
capacitance. 



Fig. 10 — Two CD4086B's connected as an 8 -wide 2 -input A-O-l gate. 



92CS-24503 


Fig. 13— Typical DATA or ENABLE propagation 
delay time vs. supply voltage. 


Fig. 10 above shows two CD4086's utilized 
to obtain an 8-wide 2-input A-O-l function. 
The output (J1) of one CD4086 is fed di- 
rectly to the ENABLE/EXP2 line of the 
second CD4086. In a similar fashion, any 


NAND gate output can be fed directly into 
the ENABLE/EXP input to obtain a 5-wide 
A-O-l function. In addition, any AND gate 
output can be fed directly into the IN- 
HIBIT/EXP Input with the same result. 
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CD4086B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 

AtT/^= 25° C; Input tf, tf = 20 ns, = 50 pF, Ri_ = 200 


CHARACTERISTIC 

CONDITIONS 

LIMITS 

UNITS 


^DD 

(V) 

TYP. 

MAX. 

Propagation Delay Time 
(Data): 

High-to-Low Level, tp^L 


5 

225 

450 

ns 

10 

90 

180 

15 

60 

120 

Low-to-High Level, tp^l^ 


5 

310 

620 

ns 

10 

125 

250 

15 

90 

180 

Propagation Delay Time 
(Inhibit): High-to-Low 

Level, tpHLd^H) 


5 

150 

300 

ns 

10 

60 

120 

15 

40 

80 

Low-to-High Level, 
^PLH(INH) 


5 

250 

500 

ns 

10 

100 

200 

15 

70 

140 

Transition Time, 

^THL' ^TLH 


5 

100 

200 

ns 

10 

50 

100 

15 

40 

80 

Input Capacitance C|i\i 

Any Input 

5 

7.5 

pF 


TEST CIRCUITS 


''do 



Fig. 14 — Quiescent device current. 


V|H 

V 

V|L 




note; 

TEST ANY ONE INPUT. 
WITH OTHER INPUTS AT 
VOD ORVss 


92CS- 27900RI 


Fig. 15 — input voltage. 




Fig. 16 — input leakage current. 


9ZCS-32eU 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10~^ inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of ~3 mils to +16 mils applicable to the nominal 
dimensions shown. 


Dimensions and Pad Layout for the CD4086BH 
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Features: 


CD4089B Types 


CMOS 

Binary Rate Multiplier 

High-Voltage Types (20-Volt Rating) 

The RCA-CD4089B is a low-power 4-bit digital 
rate multiplier that provides an output pulse 
rate that is the clock-input-pulse rate multi- 
plied by 1/16 times the binary input. For 
example, when the binary input number is 
13, there will be 13 output pulses for every 
16 input pulses. This device may be used in 
conjunction with an up/down counter and 
control logic used to perform arithmetic 
operations (adds, subtract, divide, raise to a 

power), solve algebraic and differential equa- 
tions, generate natural logarithms and trigo- 
metric functions, A/D and D/A conversions, 
and frequency division. 

For words of more than 4 bits, CD4089B 
devices may be cascaded in two different 
modes: an Add mode and a Multiply mode 
(see Figs. 14 and 15). In the Add mode some of 
the gaps left by the more significant unit at 
the count of 15 are filled in by the less 
significant units. For example, when two 
units are cascaded in the Add mode and 
programmed to 11 and 13, respectively, the 
more significant unit will have 11 output 
pulses for every 16 input pulses and the 
other unit will have 1 3 output pulses for every 
256 input pulses for a total of 

11 lA 

16 256 256 

In the Multiply mode the fraction pro- 
grammed into the first rate multiplier is 
multiplied by the fraction programmed into 
the second multiplier. Thus the output rate 
will be 11 13 143 

16 16 256 


■ Cascadable in multiples of 4-bits 

I Set to "15" input and "15" detect output 
i 100% tested for quiescent current at 20 V 
i 5-V, 10-V, and 15-V parametric ratings 

■ Standardized, symmetrical output characteristics 
I Maximum input current of 1 juA at 18 V over 

full package-temperature range; 100 nA at 
18Vand25°C 

■ Noise margin (full package-temperature 
range) = 

1 V at Vqd = 5 V 

2 Vat Vqd = 10V 
2.5 Vat V 0 d = 15V 

■ Meets all requirements of JEDEC 



Tentative Standard No. 13A, "Standard 
Specifications for Description of 'B' 
Series CMOS Devices" 

Applications: 

■ Numerical control 

■ Instrumentation 

■ Digital filtering 

■ Frequency synthesis 


The CD4089B has an internal synchronous 
4-bit counter which, together with one of the 
four binary input bits, produces pulse trains 



0 5 10 15 


DRAIN-TO-SOURCE VOLTAGE (Vds) — V 

Fig. 1 — Typical output low (sink) current 
characteristics. 


as shown in Fig. 2. 

If more than one binary input bit is high, the 
resulting pulse train is a combination of the 
separate pulse trains as shown in Fig. 2. 

The CD4089B types are supplied in 1 6-lead 
ceramic dual-in-line packages (D and F suf- 
fixes), 1 6-lead dual-in-line plastic packages 
(E suffix), 16-lead ceramic flat packages (K 
suffix), and in chip form (H suffix). 



DRAIN-TO-SOURCE VOLTAGE (Vds) — V 



MAXIMUM Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, 

(Voltages referenced to Vgg Terminal) —0.5 to ->-20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqq -hO.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pp): 

For T;^ = -40 to -t-60°C (PACKAGE TYPE E) 500 mW 

For T;^ = -h60 to -»-85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T^ = -55 to +1 00° C (PACKAGE TYPES D, F, K) ^ 500 mW 

For T^ = -1-1 00 to +1 25° C (PACKAGE TYPES D, F, K) • • • Derate Linearly at 12 mW/ C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T;^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T^); 

PACKAGE TYPES D, F, K, H -55 to +125°C 

PACKAGE TYPE E -40 to - h85°C 

STORAGE TEMPERATURE RANGE (Tj^J -65to-H50°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 ,59 ± 0.79 mm) from case for 10 s max -»-265°C 


Fig. 2 — Minimum output low (sink) current 
characteristics. 



Fig. 3 — Typical output high (source) current 
characteristics. 
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les 


NG CONDITIONS at = 25 C, Except as Noted. For maximum 
conditions should be selected so that operation is always within 


DRAIN-TO-SOURCE VOLTAGE (Vos)-V 


CHARACTERISTIC 


Supply-Voltage Range (For = Full Package- 
Temperature Range) 


Set or Clear Pulse Width, tww 


Clock Pulse Width, 


Clock Frequency, 


Clock Rise or Fall Time, 


Inhibit In Setup Time, 


Inhibit In Removal Time, 


Set Removal Time, 


Clear Removal Time, 


Vq0 limits 

(V) Min. I Max. 


5 160 

10 90 


10 170 

15 100 


^CL 


^rCL or tfCL 


^SU 






ALL INPUTS ARE PROTECTED 
BY COS/MOS PROTECTION 
NETWORK 


AMBIENT TEM 

PERATURE ( 

■jlll 1 1 1 1 loATE -TO - SOUl 

ii; 

ii 

'TtT'TIT' 


ipS: 









LOAD CAPACITANCE (ClI — pF 

*acs-89l9< 

Fig. 6 — Typical propagation delay time as a 
function of load capacitance (Clock 
or Strobe to Out). 



LOAD CAPACITANCE (Cl)— pF 


Fig. 7 — Typical transition time as a function 
of load capacitance. 




Fig. 4 — Logic diagram. 


I 10 I02 10 5 10^ 

INPUT FREQUENCY «,n)-IiHz 92 cs- 29I 

Fig. 8 — Typical dynamic power dissipation as a 
function of input frequency. 
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CD4089B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T^ = 25°C; 
Input t^, tf = 20 ns, C|_ = 50 pF, Rl = 200 kH 


CHARACTERISTIC 

TEST 

CONDITIONS 

LIMITS 

UNITS 


^DD 

V 

Min. 

Typ. 

Max. 

Propagation Delay Time, ^PLH 

Clock to Out 


5 

10 

15 

- 

110 

55 

45 

220 

no 

90 

ns 



5 

- 

150 

300 


Clock or Strobe to Out 


10 

- 

75 

150 




15 

- 

60 

120 


Clock to Inhibit Out 


5 

- 

360 

720 


High Level to Low Level 


10 

— 

160 

320 

ns 



1 5 

- 

110 

220 




5 

- 

250 

500 


Low Level to High Level 


10 

- 

100 

200 

ns 



15 

- 

75 

150 




5 

_ 

380 

760 


Clear to Out 


10 

- 

175 

350 

ns 



15 

- 

130 

260 




5 

- 

300 

600 


Clock to “9" or “15" Out 


10 

- 

125 

250 

ns 



15 

- 

90 

180 




5 

- 

90 

180 


Cascade to Out 


10 

- 

45 

90 

ns 



15 

- 

35 

70 




5 

- 

160 

320 


Inhibit In to Inhibit Out 


10 

- 

75 

150 




15 

- 

55 

110 

ns 



5 

- 

330 

660 


Set to Out 


10 

- 

150 

300 




15 

- 

no 

220 




5 

_ 

100 

200 


Transition Time, ^THL' ^TLH 


10 

- 

50 

100 

ns 



15 

- 

40 

80 




5 

1.2 

2.4 

— 


Maximum Clock Frequency, fQL 


10 

2.5 

5 

- 

MHz 



15 

3.5 

7 

- 




5 

- 

165 

330 


Minimum Clock Pulse Width, tyy 


10 

- 

85 

170 

ns 



15 

- 

50 

100 




5 

- 

- 

15 


Clock Rise or Fall Time, t^QL, tfQL 


10 

- 

- 

15 

/is 



15 

- 

- 

15 




5 

- 

80 

160 


Minimum Set or Clear Pulse Width, tyy 


10 

- 

45 

90 

ns 



15 

- 

30 

60 




5 

- 

50 

100 


Minimum Inhibit-ln SetupTime, t 5 u 


10 

- 

20 

40 

ns 



15 

- 

10 

20 


Minimum Inhibit In 


5 

- 

120 

240 


Removal Time, ^REM 


10 

15 

- 

65 

55 

130 

110 

ns 


vdd 



92CS-29I57 

Fig. 9 — Dynamic power dissipation test circuit. 



Fig. 10 — Quiescent device current test circuit. 



NOTE 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH Vdd ANOVss' 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
VddORVss' 


92C5-27402 

Fig. 11 — Input-current test circuit. 



NOTE- 

TEST ANY COMBINATION 
OF INPUTS 

92CS-2744IRI 


Fig. 12— Input-voltage test circuit. 



92CS-25005RI 

TOP VIEW 

TERMINAL ASSIGNMENT 
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CD4089B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T^ = 250C (conrd) 
Input tj., tf = 20 ns. Cl = 50 pF, Rl = 200 kl2 


CHARACTERISTIC 

TEST 

CONDITIONS 

LIMITS 

UNITS 


VpD 

V 

Min. 

Typ. 

Max. 



5 

_ 

75 

150 


Minimum Set Removal Time, tpgj^ 


10 

- 

40 

80 

ns 



15 

- 

25 

50 




5 

- 

30 

60 


Minimum Clear Removal Time, 


10 

- 

20 

40 

ns 



15 

- 

15 

30 


Input Capacitance, C||vj 

Any Input 

- 

- 

5 

7.5 

pF 


STATIC ELECTRICAL CHARACTERISTICS 


CHARAC- 

TERISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES Cc) 
Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at -40, +25, +85 Apply to E Package 

y 




-55 

-40 

+85 

+125 

+25 

Min. 

Typ. 

Max. 

Quiescent 

Device 

Current, 

Idd 

- 

0.5 

5 

5 

5 

150 

150 

- 

0.04 

5 

mA 

- 

0,10 

10 

10 

10 

300 

300 

- 

0.04 

10 

- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 

- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

Output Low 
(Sink) Current 
IqL Min. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 

Output High 
(Source) 
Current. 

Iqh Min. 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 

0.5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

13.5 

0,15 

15 

-4.2 

-4 



-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Voltage: 
Low-Level, 
Vql Max. 

- 

0.5 

5 

0.05 

- 

0 

0.05 

V 


0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output 

Voltage; 
High-Level, 
VoH Min. 

- 

0,5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage 

V| L Max. 

0.5,4. 5 

- 

5 

1.5 

- 

- 

1.5 

V 

1,9 

- 

10 

3 

- 

- 

3 

1.5,13.5 

- 

15 

4 

- 

- 

4 

Input High 
Voltage, 

V||_j Min. 

0.5,4. 5 

-- 

5 

3.5 

3.5 

- 

- 

1,9 

- 

10 

7 

7 

- 

- 

1.5,13.5 

- 

15 

11 

11 

- 

- 

Input Current 
llivj Max. 


0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10“^ 

±0.1 

fjiA 
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CD4089B Types 


TRUTH TABLE 



* Output same as the first 1 6 lines of this truth table (depending on values of A, B, C, D). 
^ Depends on internal state of counter. 


MOST SIGNIFICANT LEAST SIGNIFICANT 

DIGIT DIGIT 



Fig. 13 — Two CD4089B's cascaded in the "Add' 
mode with a preset number 





Fig. 14 — Two CD4089B's cascaded in the "Multiply" 
mode with a preset number 




108 

0 10 20 30 40 50 60 70 80 90 100 I 

( I 1 I I I I I I I I I 



Dimensions and Pad Layout for CD4089BH 


COUNTER STATE 0 1 2 3 4 5 6 7 8 9 10 II 12 13 M IS 0 I 


(LSB) INPUT A«H 

INPUT B»H 

INPUTC'H 

(MSB) INPUT D*H 



jLn_ji_rL_ri_rLJLJlirL 


^AN OUTPUT BIT MAY BE FILLED IN THIS COUNTER STATE 
BY A LESS SIGNIFICANT CD4089 CASCADED IN THE ADD MODE- 


OUTPUT 
WAVE 
TRAINS 
(TERM 6) 


Fig. 15 — Timing diagram. 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~^ inch). 

The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angie of 
cleavage may vary with respect to the chip face for 
different chips. The actuai dimensions of the isolated 
chip, therefore, may differ siightiy from the nominal 
dimensions shown. The user should considers tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4093B Types 


CMOS 

Quad 2-Input NAND 
Schmitt Triggers 

High-Voltage Types (20 Volt Rating) 

The RCA-CD4093B consists of four Schmitt- 
trigger circuits. Each circuit functions as a 
two-input NAND gate with Schmitt-trigger 
action on both inputs. The gate switches at 
different points for positive- and negative- 
going signals. The difference between the 
positive voltage (Vp) and the negative volt- 
age (Vjsj) is defined as hysteresis voltage (V^) 
(see Fig. 2). 

The CD4093B types are supplied in 14-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 14-lead dual-in-line plastic 
package (E suffix), 14-lead ceramic flat 
package (K suffix), and in chip form (H 
suffix). 


Features: 

■ Schmitt-trigger action on each input with no 
external components 

■ Hysteresis voltage typically 0.9 V at 
Vdd = 5 V and 2.3 V at = 10 V 

■ Noise immunity greater than 50% 

■ No limit on input rise and fall times 

■ Standardized, symmetrical output characteristics 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 juA at 18 V 
over full package-temperature range, 

100 nA at 18 V and 25°C 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 

■ Wave and pulse shapers 

■ High-noise-environment systems 

■ Monostable multivibrators 

■ Astable multivibrators 

■ NAND logic 



RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating 
conditions should be selected so that operation 
is always within the following ranges. 


CHARACTERISTIC 

MIN. 

MAX. 

UNITS 

Supply-Voltage Range 
(Ta = Full Package- 
Temp. Range) 

3 

18 

V 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V^d) 

(Voltages referenced to Vss Terminal) -0.5 to -^20 V 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to Vqd -►0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq): 

For Ta = -40 to -►SOOC (PACKAGE TYPE E) 500 mW 

For Ta = +60 to - hSOOC (PACKAGE TYPE E) Derate Linearly at 12 mW/^C to 200 mW 

For T^ = -55 to +1 00“ C (PACKAGE TYPES D, F, k) 500 mW 

For T^ = -t-l 00 to +1 25“ C (PACKAGE TYPES D, F, K) ... Derate Linearly at 1 2 mW/^C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = full PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta)'- 

PACKaG^E TYPES D, F, K, H -55 to +125^0 

PACKAGE TYPE E -40 to +850C 

STORAGE TEMPERATURE RANGE (Tjtg) -65 to -H50OC 

LEAD TEMPERATURE (DURING SOLDERING); 

At distance 1 /1 6 ± 1 /32 inch ( 1 .59 ± 0.79 mm) from case for 1 0 s max +265°C 


1(6,8,12) 

2(6.9.I3)( 




*ALL INPUTS PROTECTED BY COS/MOS 
PROTECTION NETWORK 



92CS-236BtRl 

Fig. 1 - Logic diagram- 1 of 4 Schmitt triggers. 




b) Transfer characteristic 
of 1 of 4 gates. 


DO 


c) Test setup 


92CM-23ae2RI 


a) Definition of ^N' 

Fig. 2 - Hysteresis definition, characteristic, and test setup. 


nvoH 
-J V 

z®-— - 

DRIVER 


Vdd 


INPUT 

CHARACTERISTIC 



Fig. 3 — Input and output characteristics. 
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CD4093B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (“O 

Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at -40, +25, +85 Apply to E Packages 

UNITS 

Vo 

(V) 

V|N 

(V) 

VdD 

(V) 

-55 

-40 

+85 

+ 125 

+25 

MIN. 

TYP. 

MAX. 

Quiescent Device 
Current, Iqq 

Max. 

- 

0,5 

5 

1 

1 

30 

30 

- 

0.02 

1 

pA 

- 

0,10 

10 

2 

2 

60 

60 

- 

0.02 

2 

- 

0,15 

15 

4 

4 

120 

120 

- 

0.02 

4 

- 

0,20 

20 

20 

20 

600 

600 

- 

0.04 

20 

Positive Trigger 
Threshold Voltage 
Vp Mm. 

- 

a 

5 

2.2 

2.2 

2.2 

2.2 

2.2 

2.9 

- 

V 

- 

a 

10 

4.6 

4.6 

4.6 

4.6 

4.6 

5.9 

- 

- 

a 

15 

6.8 

6.8 

6.8 

6.8 

6.8 

8.8 

- 

- 

b 

5 

2.6 

2.6 

2.6 

2.6 

2.6 

3.3 

- 

- 

b 

10 

5.6 

5.6 

5.6 

5.6 

5.6 

7 

- 

- 

b 

15 

6.3 

6.3 

6.3 

6.3 

6.3 

9.4 

- 

Vp Max. 

- 

a 

5 

3.6 

3.6 

3.6 

3.6 

- 

2.9 

3.6 

V 

- 

a 

10 

7.1 

7.1 

7.1 

7.1 

- 

5.9 

7.1 

- 

a 

15 

10.8 

10.8 

10.8 

10.8 

- 

8.8 

10.8 

- 

b 

5 

4 

4 

4 

4 

- 

3.3 

4 

- 

b 

10 

8.2 

8.2 

8.2 

8.2 

- 

7 

8.2 

- 

b 

15 

12.7 

12.7 

12.7 

12.7 

- 

9.4 

12,7 

Negative Trigger 
Threshold Voltage 
V[yj Min. 

- 

a 

5 

0.9 

0.9 

0.9 

0.9 

0.9 

1.9 

- 

V 

- 

a 

10 

2.5 

2.5 

2.5 

2.5 

2.5 

3.9 

- 

- 

a 

15 

4 

4 

4 

4 

4 

5.8 

- 

- 

b 

5 

1.4 

1.4 

1.4 

1.4 

1.4 

2.3 

- 

- 

b 

10 

3.4 

3.4 

3.4 

3.4 

3.4 

5.1 

- 

- 

D 

IE 

4.8 

4.8 

4.8 

4.8 

4.8 

7.3 

- 

V|\j Max. 

- 

a 

m 




■Q 

- 

1.9 


1 

- 

a 

10 

_5.2_ 

5.2 

5.2 

5.2 

- 



- 

a 

la 

m 

7.4 

7.4 

7.4 

- 


7.4 

- 

b 

m 


■3 



- 



- 

b 

IQ 





- 

5.1 

6.6 

- 

b 

15 


9.6 

9.6 

9.6 

- 

7.3 

9.6 

Hysteresis Voltage 
Vj^ Min. 

- 

a 

5 

0.3 

0.3 

0.3 

0.3 

0.3 

0.9 

- 

V 

- 

a 

10 

1.2 

1.2 

1.2 

1.2 

1.2 

2.3 

- 

- 

a 

15 

1.6 

1.6 

1.6 

1.6 

1.6 

3.5 

- 

- 

b 

5 

0.3 

0.3 

0.3 

0.3 

0.3 

0.9 

- 

- 

b 

10 

1.2 

1.2 

1.2 

1.2 

1-2 

2.3 

- 

- 

b 

15 

1.6 

1.6 

1.6 

1.6 

1.6 

3.5 

- 

Vh Max. 

- 

a 

5 

1.6 

1.6 

1.6 

1.6 

- 

0.9 

1.6 

V 

- 

a 

10 

3.4 

3.4 

3.4 

3.4 

- 

2.3 

3.4 

- 

a 

15 

5 

5 

5 

5 

- 

3.5 

5 

- 

b 

5 

1.6 

1.6 

1.6 

1.6 

- 

0.9 

1.6 

- 

b 

10 

3.4 

3.4 

3.4 

3.4 

- 

2.3 

3.4 

- 


15 

5 

5 

5 

5 

- 

3.5 

5 


3 Input on terminals 1 ,5,8,1 2 or 2,6,9, 1 3; other inputs to Vqq. 

^Input on terminals 1 and 2, 5 and 6,8 and 9, or 12 and 13; other inputs to Vqq. 



Fig. 4 — Typical current and voltage 


transfer characteristics. 



Fig. 5 — Typical voltage transfer characteristics 
as a function of temperature. 






Fig. 7 — Minimum output low (sink) current 
characteristics. 
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CD4093B Types 


STATIC ELECTRICAL CHARACTERISTICS (CONT'D) 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURE (°C) 

Values at -55, +25, +125 Apply to D, F, K, H Packages 

Values at —40, +25, +85 Apply to E Packages 


Vo 

(V) 

QQ 

Vqd 

(V) 

-55 

-40 



+25 


TYP. 


Output Low (Sink) 
Current, 

Iql 

EQ 

B3 

5 


Bl 

^23 

EE 

0.51 

1 

- 

mA 

IQ 

BIH 


■B 


1.1 


■B 


- 

m 

Qj 

m 

■a 

E 

Bl 

IB 

BEI 


- 

Output High 
(Source) 

Current, 

•oh 

m 

B3 

D 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

m 

IQ 

B 

-2 

-1.8 

m 


-1.6 

QIIQ 

- 

QH 

BBl 

B 

m 


m 

-0.9 



- 


BKH 

B 

bb 

-4 

Bl 

D 

IB 


- 

Output Voltage 

Low- Level, 

Vql Max. 

- 

EH 

B 

0.05 

- 

0 

QQI 


- 

BBl 

B 

0.05 

- 

0 

QQI 

- 

QQ 

B 

0.05 

- 

0 

QQI 

Output Voltage 
High-Level, 

VoH Min. 

- 


B 

4.95 

4.95 

5 

- 

- 

BB1 

m 

9.95 

9.95 

10 

- 

- 


o 

14.95 



- 

Input Current, 
l|(^ Max. 

- 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10-5 

±0.1 

ma 


DYNAMIC ELECTRICAL CHARACTERISTICS 

At = 2^ C; Input t^, tf= 20ns, = 50 pF, R ^ = 200kQ. 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 


^DD 

VOLTS 

TYP. 

MAX. 

Propagation Delay Time: 


5 

o 

O) 

380 


tPHL' 


10 

90 

180 

ns 

^PLH 


15 

65 

130 




5 

100 

200 


Transition Time, tj^L- 


10 

50 

100 

ns 

^TLH 


15 

40 

80 


Input Capac'tance, C|[\j 

Any Input 

5 

7.5 

pF 


ORAIN-TO-SOURCE VOLTAGE (Vos)— V 



02C$- 24i20<)3 


Fig. 8 — Typical output high (source) current 
characteristics. 


ORAIN-TO-SOURCE VOLTAGE (Vos)-V 



Fig. 9 — Minimum output high (source) current 
characteristics. 



Fig. 10 — Typical propagation delay time 
vs. supply voltage. 





Fig. 11 — Typical transition time vs. load 
capacitance. 


Fig. 12 — Typical trigger threshold voltage vs. ^DD- 


Fig. 13 — Typical per cent hysteresis vs. 
supply voltage. 
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CD4093B Types 



Fig. 14 — Typical power dissipation vs. 
frequency characteristics. 



fall times. 


APPLICATIONS 


TO CONTROL 
SIGNAL 
OR Vqq 

'Zxsj:: 

1/4 CD4093B 

92CS- 23885 

FREQUENCY RANGE OF WAVE SHAPE 
IS FROM DC TO I MHi 


Jim: 


Fig. 16 — Wave shaper. 




TO CONTROL 
' SIGNAL 
► OR Vdd 



50 hft < R < I Mil 
100 pF < C < l/iF 


TO CONTROL SIGNAL 
OR VoD 



Vss 



50kn < R< IMn 
100 pF< c< l/iF 


FOR THE RANGE OF R AND C GIVEN 
2 < Ia ^ 0.4s 


FOR THE RANGE OF R AND C 92CS-23e87Ri 

GIVEN 5/xS < Im < Is 


92CS-23886fll 


Fig. 18 - Astable multivibrator. 



Fig. 17 — Monostable multivibrator. 


Fig. 19 — Quiescent device current test 
circuit. 



Fig. 20 - Input current test circuit. 


A 

B 

j=Fb 

C 

0 

Vss 


(TOP VIEW) 

92CS-24e35 



TERMINAL ASSIGNMENT 



(1.803-2.007) I 

92CS-35099 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10~^ inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


Dimensions and Pad Layout for CD4093BH 
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CD4094B Types 


CMOS 

8-Stage Shift-and-Store 
Bus Register ^ 


High-Voltage Types (20-Volt Rating) 

The RCA-CD4094B is an 8 -stage serial shift 
register having a storage latch associated 
with each stage for strobing data from the 
serial input to parallel buffered 3-state out- 
puts. The parallel outputs may be connected 
directly to common bus lines. Data is shifted 
on positive clock transitions. The data in 
each shift register stage is transferred to the 
storage register when the STROBE input is 
high. Data in the storage register appears at 
the outputs whenever the OUTPUT -ENABLE 
signal is high. 

Two serial outputs are available for cascad- 
ing a number of CD4094B devices. Data is 
available at the 0 $ serial output terminal on 
positive clock edges to allow for high-speed 
operation in cascaded systems in which the 
clock rise time is fast. The same serial infor- 
mation, available at the Q '3 terminal on the 
next negative clock edge, provides a means 
for cascading CD4094B devices when the 
clock rise time is slow. 

The CD4094B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead dual-in-line plastic 
package (E suffix), 16-lead ceramic flat 
package (K suffix), and in chip form (H 
suffix). 


Features: 

■ 3-state parallel outputs for connection to common bus 

■ Separate serial outputs synchronous to both positive 
and negative clock edges for cascading 

■ Medium speed operation — 5 MHz at 10 V (typ.) 

■ Standardized, symmetrical output characteristics 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 /uA at 18 V over full package- 
temperature range; 100 n A at 18 V and 25°C 

■ Noise margin (full package temperature range): 

1 V at Vdd = 5 V 2 V at Vdq = 10 V 

2.5 Vat Vdd = 15 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 

for Description of 'B' Series CMOS Devices" sir 


Applications: 

■ Serial-to-parallel data conversion 

■ Remote control holding register 

■ Dual-rank shift, hold, and bus applications 



FUNCTIONAL DIAGRAM 



Fig. 1 — Terminal assignment. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vqd) 

(Voltages referenced to Vss Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq): 

For T^ = -40 to +60® C (PACKAGE TYPE E) 500 mW 

For T^ = +60 to +85®C (PACKAGE TYPE E) Derate Linearly at 12 mW/®C to 200 mW 

For T^ = -55 to +100®C (PACKAGE TYPES D, F, K) 500 mW 

For T;^ = +100 to +125®C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/®C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F. K, H -55 to +1 25° C 

PACKAGE TYPE E -40 to +85° C 

STORAGE TEMPERATURE RANGE (Tstg) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265° C 





ALL INPUTS PROTECTED 

enr cos/Mos 

PROTECTION NETWORK 




-^?l_r-L 


Fig. 3 - Timing diagram. 


? Logic diagram. 
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RECOMMENDED OPERATING CONDITIONS af Ta =2^C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 


Supply-Voltage Range (ForTA= 
Package-Temperature Range) 


Data Setup Time, ts 


Clock Pulse Width, tyy 


Clock Input Ris 
trCL, tfCL:* 


MIN. MAX. 



^ = Level Change Logic 1 = High 

X = Don't Care Logic 0= Low 

NC = No Change 
OC = Open Circuit, 

* At the positive clock edge information in the 7th shift register ■ 
stage is transferred to the 8th register stage and the 0$ output. 

I [AMBIENT TEMPERATURE (Ta)‘ 25*C|-fH- H f+f fi f H ifi 1 1 H H 


4gATE-T0-S(XJRCE voltage (VgsI'ISV 


j Width, tw 


DRAIN-TO-SOURCE voltage (Vds)-V 


Fig. 4 - Typical output low (sink) current 




iiniiniiiiniiinii:::! 



LOAD CAPACITANCE (ClI- pF 


Clock-to-serial output propagation 
delay vs C, . 



LOAD CAPACITANCE ICi I— pF 


Fig. 9 — Clock-to-serial output Q'^ propagation 
delay vs Ci. 





■HHSHaHiiSlggiiiil 

ilHaSSfl 


LOAD CAPACITANCE (C, )- pF 

»2CS-2S«5S 

Fig. 10 — Clock-to-parallel output propagation 
delay vs Ci . 






CD4094B Types 

STATIC ELECTRICAL CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta)*29* 















CD4094B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 

At Ta= 25°C; Input tf, tf = 20 ns. Cl = 50 pF, Rl= 200 kCL 


CHARACTERISTIC 

Q 

Q > 
> 

LIMITS 

UNITS 

MIN. 

TYP. 

MAX.' 

Propagation Delay Time, 






tPHL.tpLH 

5 

- 

300 

600 


Clock to Serial Output Q 3 

10 

- 

125 

250 

ns 


15 

- 

95 

190 



5 

- 

230 

460 


Clock to Serial Output Q 5 

10 

- 

no 

220 

ns 


15 

- 

75 

150 



5 

- 

420 

840 


Clock to Parallel Output 

10 

- 

195 

390 

ns 


15 

- 

135 

270 



5 

- 

290 

580 


Strobe to Parallel Output 

10 

- 

145 

290 

ns 


15 

- 

100 

200 


Output Enable to Parallel 

5 

- 

140 

280 


Output: 

10 

- 

60 

120 

ns 

Vhz- ^PZH 

15 

- 

45 

90 



5 

- 

100 

200 


tpLZ- tpzL 

10 

- 

50 

100 

ns 


15 

- 

40 

80 



5 


100 

200 


Minimum Strobe Pulse 







10 


40 

80 

ns 

Width, tw 

15 

- 

35 

70 



5 


100 

200 


Minimum Clock Pulse 

10 


50 

100 


Width, tw 

15 

- 

40 

83 



5 


60 

125 


Minimum Data Setup 

10 


30 

55 

ns 

Time, t 3 

15 

- 

20 

35 



5 

_ 

100 

200 


Transition Time; 







10 

— 

50 

100 

ns 

tTHL.tJLH 

15 

- 

40 

80 


Maximum Clock Input Rise 

5 

15 

- 

- 


or Fall Time, t^CL, t^CL 

10 

15 

5 

5 

— 

_ 

ps 


5 

1.25 

2.5 



Maximum Clock Input 

10 

2.5 

5 


MHz 

Frequency, fcL 

15 

3 

6 

- 


Input Capacitance C||\| 

(Any Input) 

- 

- 

5 

7.5 

pF 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 


Dimensions in parentheses are in millimeters and are\ 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10~^ inch). 



INPUT CLOCK FREQUENCY 92CS-2SS39RI 

Fig. 16 — Dynamic power dissipation vs 
input dock frequency. 



Fig. 17 — Quiescent device current 
test circuit. 



92CS-2744IR 

Fig. 18 — Input voltage test circuit. 




NOTE 

MEASURE INPUTS 
sequentially, 

TO both Vqo ANO Vjs 

connect all unused 
inputs TO either 
''do ''ss 


Vss 


Fig. 19 — Input current test circuit. 
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CD4095B, CD4096B Types 

CMOS Gated J-K 
Master-Slave Flip-Flops 

With Set- Reset Capability 
High-Voltage Types (20-VoIt Rating) 

CD4095B Non-Inverting J and K Inputs 
CD4096B Inverting and Non- Inverting J and K Inputs 


The RCA-CD4095B and CD4096B are J-K 
Master-Slave Flip-Flops featuring separate 
AND gating of multiple J and K inputs. The 
gated J-K inputs control transfer of informa- 
tion into the master section during clocked 
operation. Information on the J-K inputs is 
transferred to the Q and Q outputs on the 
positive edge of the clock pulse. SET and 
RESET inputs (active high) are provided for 
asynchronous operation. 

The CD4095B and CD4096B types are sup- 
plied in 14-lead hermetic dual-in-line cer- 
amic packages (D and F suffixes), 14-lead 
dual-in-line plastic package (E suffix), 14- 
lead ceramic flat package (K suffix), and in 
chip form (H suffix). 


Features: 

■ 16 MHz toggle rate (typ.) at Vqd “ Vss = 10 V 

■ Gated inputs 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 juA at 18 V over full 
temperature range; 100 nA at 18 V and 25°C 

■ Noise margin over full package-temperature 
range: 1VatVDp= 5V, 2VatVDD = 

10 V, 2.5 Vat Vdd = 15 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Standardized, symmetrical output 

characteristics 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 

■ Registers ■ Counters ■ Control circuits 



CD4095B 

package- Functional Diagram 


TRUTH TABLES 

SYNCHRONOUS OPERATION {S=0 R=0) 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vdd) 

(Voltages referenced to Vss Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0-5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq): 

For T^ = -40 to +60° C (PACKAGE TYPE E) 500 mW 

For T^ = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T^ = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

For T^ = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For T^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H -55 to +125° C 

PACKAGE TYPE E -40 to +85° C 

STORAGE TEMPERATURE RANGE (Tgtg) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 


Inputs Before 
Positive Clock 
Transition 

Outputs After 
Positive Clock 
Transition 

J* 

K* 

Q Q 

0 

0 

0 

1 

No Change 

0 1 

1 

0 

1 0 

1 

1 

Toggles 

* For CD4095B 

J = J1 • J2 - J3 

For CD4096B 

J = J1 • J2 - J3 


K = K1 ■ K2 - K3 K= K1 • K2 i^ 
ASYNCHRONOUS OPERATION 
(J and K - DONT CARE) 


S 

R 

Q Q 

0 

0 

No Change 

0 

1 

0 1 

1 

0 

1 0 

1 

1 

0 0 


0 - Vss. ^ = Vqp 



92CS - 244JORI 


Fig. 1 — CD4096B Functional Diagram. 



5 lO I5 0 5 K) I3 

DRAIN-TO-SOURCE VOtfAGE (Vos) — V SS5 DRAIN-TO-SOURCE VOLTAGE (Vos)— V 

Fig.2 — Typical output low (sink) Fig.3 — Minimum output low (sink) 

current characteristics. current characteristics. 
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CD4095B, CD4096B Types 


RECOMMENDED OPERATING CONDITIONS at T^ 25* C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

Vdd 

LIMITS 

UNITS 


(V) 

MIN. 

MAX. 


Supply- Voltage Range (For = Full 


3 

t8 

V 

Package-Temperature Range) 






5 

400 

- 


Data Setup Time, t 3 

10 

160 

- 

ns 


15 

100 

- 



5 

140 

- 


Clock Pulse Width, tyy 

10 

60 

- 

ns 


15 

40 

- 



5 


3.5 


Clock Input Frequency, fQ|_ 

10 

dc 

8 

MHz 


15 


12 



5 

— 

15 


Clock Rise and Fall Time, t,,CL, tfCL: 

10 

— 

5 

MS 


15 

— 

5 




200 

- 


Set or Reset Pulse Width, t\/y 


100 

- 

ns 



50 

- 



STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES {°C) 
Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at —40, +25, +85 Apply to E Package 

UNITS 





+25 


eg 

+85 



EM 


Quiescent Device 
Current, 

IpD Max. 

- 

ESI 

m 

— 

1 

30 

30 

- 

E!I!E 

1 


- 

QQ 

■9 


■Ql 

60 

60 

- 

0.02 

2 

- 

0,15 

15 

4 

4 

120 

120 

- 

0.02 

4 

- 

0,20 

20 

20 

20 



- 

0.04 

20 

Output Low 
(Sink) Current 
Iqu Min. 

0.4 



■■■ 



ESS 

^Q9 

BDB 

■■1 


0.5 

QEI 

o 

■a 

tm 

HDI 

KEI 

■El 



1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

34 

6.8 

- 

Output High 
(Source) 

Current, 

IqH Min. 

4.6 

E3 

B 



-0.42 

-0.36 

-0.51 

-1 

- 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Voltage: 
Low-Level, 

Vql Max. 

- 

0.5 

5 

0.05 

- 

0 

0.05 


- 

IHHl 

B 

0.05 




- 

WIEi 

B 

0.05 

- 

0 

0.05 

Output Voltage: 
High-Level, 

VqH Min. 

- 

BjU 

B 

4.95 

4.95 

5 

- 

- 

QQ 

B 

9.95 


mm 

9HI 

- 

Eta 

B 

14.95 

l&B 

15 

- 

Input Low 
Voltage. 

V|L Max. 

0.5, 4.5 


5 

1.5 

— 

- 

1.5 


1,9 

■1 

m 

3 

- 

— 

3 

1.5,13.5 

n 

■a 

4 

- 

- 

4 

Input High 
Voltage, 

V|H Min. 

0.5, 4.5 

IBI 

B 

3.5 

3.5 

- 

— 

1,9 

■91 

m 

7 

7 

— 

— 

1.5, 13.5 


El 

11 

11 

- 

- 

Input Current 
l||\l Max. 




±0.1 

±0.1 

±1 

±1 

- 





ORAIN-TO-SOURCE VOLTAGE (Vds)-V 



Fig.4 — Typical output high (source) 
current characteristics. 
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Fig.5 — Minimum output high (source) 
current characteristics. 



Fig.6 — Typical propagation delay time vs. 
load capacitance. 



Fig. 7 — Typical transition time I's, 
toad qapacitance. 
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CD4095B, CD4096B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T/^ = 25* C; Input t^ tf = 20 ns, 
Cl = 50pF, RL = 200Kn 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 


VdD 

<V) 

MIN. 

TYP. 

MAX. 

Propagation Delay Time: ^PLH 


5 

- 

250 

500 


Clock 


10 

— 

100 

200 




15 

- 

75 

150 











5 

— 

150 

300 


Set or Reset 


Id 

- 

75 

150 




15 

- 

50 

100 




5 

- 

100 

200 


Transition Time, tjHL t-[-|_H 


10 

- 

50 

100 

ns 



15 

- 

40 

80 




5 

3.5 

7 

- 


Maximum Clock Input Frequency, 


10 

8 

16 

- 

MHz 



15 

12 

24 

- 




5 

_ 

70 

140 


Minimum Clock Pulse Width, tyy 


10 

- 

30 

60 

ns 



15 

- 

20 

40 




5 

_ 

_ 

15 


Clock Input Rise or Fall Time, 


10 

_ 

- 

5 

jUS 

Vcl' Vcf 


15 

- 

- 

5 




5 

- 

100 

200 


Minimum Set or Reset Pulse Width, tyy 


10 

- 

50 

100 

ns 



15 

- 

25 

' 50 




5 

- 

200 

400 


Minimum Data Setup Time, t 5 


10 

- 

80 

160 

ns 



15 

- 

50 

100 


Input Capacitance, Ci(\| 

Any Input 

- 

- 

5 

7.5 

pF 


* t^, tf = 5 ns 



Fig. 11 — CD4095B and CD4096B logic diagram. 



Fig.8 — Typical dock frequency w. supply 
voltage (toggle mode— see Fig. 16). 



Fig. 9 — Typical power dissipation 
input dock frequency. 


1,CL— H K- K-'tCL ^Vdd 

>--"-4^ /^=---V ^-90% 

CLOCK* / \ y \ S0% 

INPUT 


50% 

0 OR 6 



l^'THL ^ '^OD 

\ .rrr _ 90% 


i., - 

fi 

LOi-i 

^-'PHL 


Fig. 10 - Propagation delay, transition, and 
setup-time waveforms. 


CL —J 'fCL 'WL*'WH' 

-"- '• --"4 f- -'V 90% ^ 

jWl22L 0 

r 'WL — *WH — M 

Fig. 12 — Clock pulse rise and fall time 
waveforms. 




Fig. 13 — Quiescent device current test 
circuit. 


284 












CD4095B, CD4096B Types 



vss 


Fig. 14 - Input voltage test circuit. Fig. 15 — Input leakage current test 

circuit. 

Fig. 16 - CD4095B connected in toggle 
mode. 



Fig. 18 — Synchronous binary divide-by-ten counter. 


DIMENSIONS AND PAD LAYOUT FOR CD4095B AND CD4096B 


TERMINAL ASSIGNMENTS 



92CS-322I3 


CD4095BH CD4096BH 

The photographs and dimensions of each CMOS chip 

represent a chip when it is part of the wafer. When the Dimensions in parentheses are in millimeters and are 

water is separated into individual chips, the angle of derived from the basic inch dimensions as indicated, 

cleavage may vary with respect to the chip face for Grid graduations are in mils (IQ-^ inch), 

different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should considers tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 



TOP VIEW 


NC = NO CONNECTION 92CS 


CD4095B 



TOP VIEW 


NC'NOCONNECTION 244;>M 

CD4096B 
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CD4098B Types 

CMOS Dual Monostable 
Multivibrator 

High-Voltage Types (20-Volt Rating) 

The RCA-CD4098B dual monostable multi- 
vibrator provides stable retriggerable/reset- 
table one-shot operation for any fixed-volt- 
age timing application. 

An external resistor (Rx) and an external 
capacitor (Cx) control the timing for the 
circuit. Adjustment of Rx and Cx provides 
a wide rajige of output pulse widths from the 
Q and Q terminals. The time delay from 
trigger input to output transition (trigger 
propagation delay) and the time delay from 
reset input to output transition (reset pro- 
pagation delay) are independent of Rx and 

Cx- 

Leading-edge-triggering (-^TR) and trailing- 
edge-triggering (— TR) inputs are provided 
for triggering from either edge of an input 
pulse. An unused +TR input should be tied 
to Vss- An unused — TR input should be tied 
to VdD- a reset (on low level) is provided 
for immediate termination of the output 
pulse or to prevent output pulses when power 
is turned on. An unused RESET input should 
be tied to VdD- However, if an entire section 
of the CD4098B is not used, its RESET 
should be tied to VsS- See Table I. 

In normal operation the circuit triggers (ex- 
tends the output pulse one period) on the 
application of each new trigger pulse, ^or 
operation in the non-retriggerable mode, Q is 
connected to — TR when leading-edge trig- 
gering (+TR) is used or Q is connected to +TR 
when trailing-edge triggering (— TR) is used. 

The time period (T) for this multivibrator can 
be approximated by: Tx=V 2 RxCx for Cx ^ 

0.01 pF. Time periods as a function of Rx 
for values of Cx and Vdd given in Fig. 8. 
Values of T vary from unit to unit and as a 
function of voltage, temperature, and RxCx- 

The minimum value of external resistance, 

Rx, is 5 klZ. The maximum value of external 
capacitance, Cx, is 100 juF. Fig. 9 shows time 
periods as a function of Cx for values of Rx 
and Vqd. 

The output pulse width has variations of 
±2.5% typically, over the temperature range 
of -55°C to 125°C for Cx=1000 pF and 
Rx=iooi<a 

For power supply variations of ±5%, the out- 
put pulse width has variations of ±0.5% 
typically, for Vdd= 10 V and 15 V and ±1% 
typically, for Vdd= 5 V at Cx=1000 pF and 
RX=5 kn. 

These types are supplied in 1 6-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 

The CD4098B is similar to type MCI 4528. 


Features: 

■ RetriggerabI e/resettable capability 

■ Trigger and reset propagation delays 
independent of Rx, Cx 

■ Triggerjng from leading or trailing edge 

■ Q and Q buffered outputs available 

■ Separate resets 

■ Wide range of output-pulse widths 

■ 100% tested for maximum quiescent 
current at 20 V 

■ Maximum input current of 1 juA at 
18 V over full package-temperature 
range; 100 n A at 18 V and 25°C 

■ Noise margin (full package-temperature 

range): 1 V at Vqq= 5 V 

2 Vat Vdq= 10 V 
2.5 Vat Vdd=15 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Standardized, symmetrical output 
characteristics 

■ Meets ail requirements of JEDEC 
Tentative Standard No. 13A, "Stand- 
ard Specifications for Description of 'B' 
Series CMOS Devices." 

Applications: 

■ Pulse delay and timing 

■ Pulse shaping 

■ Astable multivibrator 



TERMINALS 1,8,15 ARE 
ELECTRICALLY CONNECTED 
INTERNALLY 

92CS-24e48RI 

TERMINAL ASSIGNMENT 


MAXIMUM RATINGS, A/jso/(yfe-A^ax/>m/m Values: 

DC SUPPLY-VOLTAGE RANGE, (Vqq) 

(Voltages referenced to Vss Terminal) 0.5 to +20 V 

INPUT VOLTAGE RANGE. ALL INPUTS - 0.5 to Vqd +0-5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pp): 

For Ta = -40 to +60OC (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For Ta = -55 to -H00“C (PACKAGE TYPES D, F, K) 500 mW 

For Ta = -n 00 to +125° C (PACKAGE TYPES D, F, K) • Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D. F. K, H 55 to + 1 25°C 

PACKAGE TYPE E 40 to +85°C 

STORAGE TEMPERATURE RANGE (Tstg) 65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /I 6 ± 1 122 inch ( 1 .59 ± 0.79 mm) from case for 10s max ♦ 265°C 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following ranges: 


CHARACTERISTIC 

Vdd 

V 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage Range (For 1 = 





Full Package-Temperature 

- 

3 

18 

V 

Range) 






5 

140 

- 


Trigger Pulse Width tyy(TR) 

10 

60 

- 

ns 

15 

40 

— 




See 


Reset Pulse Width t\/\/(R) 


Dynam 

c Char. 


(This is a function of Cx) 


Chart and 



Fig. 

10 


Trigger Rise or Fall Time 

V(TR), tf(TR) 

5 - 15 

- 

100 

/is 
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CD4098B Types 


TABLE I 


CD4098B FUNCTIONAL TERMINAL CONNECTIONS 


FUNCTION 

VddTO 
TERM. NO. 

Vss TO 
TERM. NO. 

INPUT PULSE 

TO TERM. NO. 

OTHER 

CONNECTIONS 

MONO., 

MONO 2 

MONO^ 

MONO 2 

MONO., 

MONO 2 

MONO., 

MONO 2 

Leading-Edge 

Trigger/ 

Retriggerable 

3.5 

11, 13 



4 

12 



Leading-Edge 

T rigger/ 

Non-retriggerable 

3 

13 



4 

12 

5-7 

11-9 

Trailing-Edge 

Trigger/ 

Retriggerable 

3 

13 

4 

12 

5 

11 



Trailing-Edge 

Trigger/ 

Non-retriggerable 

3 

13 



5 

11 

4-6 

12-10 

Unused Section 

5 

11 

3 . 4 

12, 13 






r'JOTES: 


1. A RETRIGGERABLE ONE-SHOT MULTI- 
VIBRATOR HAS AN OUTPUT PULSE 
WIDTH WHICH IS EXTENDED ONE FULL 
TIME PERIOD (Ty) AFTER APPLICATION 
OF THE LAST TRIGGER PULSE. 

The minimum time between 
retriggering edges (or trigger 
and retrigger edges) is 40 
per cent of (T^^). 


2. A NON-RETRIGGERABLE ONE-SHOT 
MULTIVIBRATOR HAS A TIME PERIOD 
Tx REFERENCED FROM THE APPLI- 
CATION OF THE FIRST TRIGGER PULSE. 


INPUT PULSE TRAIN 


jiruuL 


RETRIGGERABLE MODE PULSE WIDTH 
(-^TR MODE) 


_l 1— TX ^ 


NON-RETRIGGERABLE MODE PULSE 

WIDTH 

(-^TR MODE) 




Fig. 4 — CD4098B logic diagram. 



Fig. 1 — Typical output low (sink) 
current characteristics. 



Fig. 2 — Minimum output low (sink) 
current characteristics. 


DRAIN-TO-SOURCE VOLTAGE (Vos)— V 



Fig. 3 — Typical output high (source) 
current characteristics. 


ORAIN-TO-SOURCE VOLTAGE (Vos)— V 



Fig. 5 — Minimum output high (source) 
current characteristics. 
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CD4098B Types 

STATIC ELECTRICAL CHARACTERISTICS 


CHARAC- 

TPRIQTir 

CONDITIONS 


Vo V,N 

(V) (V) 

VdD 

(V) 

Ouiescent 

0,5 

5 

Device 

0,10 

10 

Current 

0,15 

15 

Iqq Max. 

0,20 

20 

Output Low 



(Sink) 

0.4 0,5 

5 ‘ 

Current, 

0.5 0,10 

10 

IqI_ Min. 

1.5 0,15 

15 


LIMITS AT INDICATED TEMPERATURES (OC) 
Values at -55, +25, +125 Apply to D, F, K, H, pkgs. 
Values at — 40,+25,+85 Apply to E Pkgs. 


Output High 
(Source) 
Current, 

'oh Min. 

4.6 

2.5 

9.5 

13.5 

Output Volt- 


age: 

- 

Low- Level, 

- 

VoL Max. 

- 


Output Volt- 
age: 

High-Level, 
Vqh Min. 


Input Low 
Voltage, 
VjL Max. 


Input High 
Voltage, 
Vj^ Min. 


Input 
Current, 
l|IVj Max. 


Output 

Leakage 




15 

14.95 

5 

1.5 


LOAD CAPACITANCE (CLl-pP 

92CS-2 

Fig. 6 — Typical propagation delay time 
load capacitance, trigger into Q 
out. (AH values of C\/ and R 


AMBIENT TEMPERATURE (Ta)-25*C 


liil 


R ::::::::::: 


ill 


IliHlHiiinllllliiiiillilllliiii 




1^1 
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CD4098B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 

AtT^=25°C; Input t^,tf=20 ns, Ci=50pF, R j_=200 k^l 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

Rx (kn) 

Cx (pF) 

Vdd (V) 

Typ. 

Max. 

Trigger Propagation Delay Time 
+TR, -TR to Q, Q 

tPHL'^PLH 

5 to 
10,000 

>15 

5 

10 

15 

250 

125 

100 

500 

250 

200 

ns 

Minimum Trigger Pulse Width, 

tWH' %L 

5 to 
10,000 

>15 

5 

10 

15 

70 

30 

20 

140 

60 

40 

ns 

Transition Time, 

^TLH 

5 to 
10,000 

>15 

5 

10 

15 

100 

50 

40 

200 

100 

80 

ns 

tTHL 

5 to 
10,000 

15 to 
10,000 

5 

10 

15 

100 

50 

40 

200 

100 

80 

5 to 
10,000 

0.01 pf 

to 

0.1 /jF 

5 

10 

15 

150 

75 

65 

300 

150 

130 

5 to 
10,000 

0.1 pF 

to 

1iuF 

5 

10 

15 

250 

150 

80 

500 

300 

160 

Reset Propagation Delay Time, 

“TpHL' TpLH 

5 to 
10,000 

>15 

5 

10 

15 

225 

125 

75 

450 

250 

150 

ns 

Minimum Reset Pulse Width, 

twR 

100 

15 

5 

10 

15 

100 

40 

30 

200 

80 

60 

ns 

1000 

5 

10 

15 

600 

300 

250 

1200 

600 

500 

0.1 pF 

5 

10 

15 

25 

15 

10 

50 

30 

20 

ps 

Trigger Rise or Fall Time 
tr(TR), tf(TR) 

- 

- 

5 to 

15 

- 

100 

MS 

Pulse Width Match 

Between Circuits in 

Same Package 

10 

10,000 

5 

10 

15 

5 

7.5 

7.5 

10 

15 

15 

% 

Input Capacitance, C|[y) 

Any Input 

5 

7.5 

pF 


TEST CIRCUITS 

''do 



Fig. 12 — Quiescent-device-current 
test circuits. 



7 E • 

TEST ANY COMBINATION 
OF INPUTS 


Fig. 13 — Input-voltage test circuit. 


Voo 

Vss 




T 

Vss 


NOTE 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH VoD ANOVss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vqd O'’ Vgs 


Fig. 14 — Input leakage current test circuit. 



To calculaM avaragi potMvr diuipation (P) 
for lau than 100\ duty cycia^ 

P|Oo • avatafla pow«r fot 100% duty cycia 
P ”( 7 ^) '’100 tm * oi>« »hot pulw width 

' ry • triggac pulta patiod 

a.g. For • 600 ill. ry • 1000 (ii. Cx - 0.01 pF, 
Voo - 5 V 

P ' - iiW - 600 iiW liaa donad 

lint on graph) 


TJ ^ 

Ji n_ 

j — L_r 


Fig. 11 — Average power dissipation vs. one-shot pulse width. 
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CQ4098B Types 


APPLICATIONS 




Fig. 15 — Pulse delay. 



TO ENSURE RESTART, APPLY RESET 
(NEGATIVE PULSEIAFTER Voo 
SUPPLY VOLTAGE HAS REACHED 
ITS Voo LEVEL. 



'DD- Tx Rx 


Rx 

IDD (Avg.) 

Tx 

(T1 + T2) 

VdD 

10 kn 

1 mA 

i 

0.05 mA 

3.8 Hi 

; 

0.5 t 

5 V 

[ 

2.5 mA 

i 

0.5 mA 

3.2 Hi 

i 

0.6 i 

10 V 

10 Mn 

5 mA 

i 

1 mA 

3 Hi 

oii 

15 V 


Note: 

All values are typical. 

Cx tanje; 0.0(X)1 pF to 0.1 pF. 92 cm -28740 


Fig. 16 — Astable multivibrator with restart after reset capability. 



Dimensions and Pad Layout for CD4098BH 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as 
indicated. Grid graduations are in mils (10~^ inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to i-t6 mils applicable to the nominal 
dimensions shown. 
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CD4099B Types 


CMOS 

8-Bit Addressable Latch 

High-Voltage Types (20-Volt Rating) 


The RCA-CD4099B 8-bit addressable latch 
is a serial-input, parallel-output storage regis- 
ter that can perform a variety of functions. 

Data are inputted to a particular bit in the 
latch when that bit is addressed (by means 
of inputs AO, Al, A2) and when WRITE 
DISABLE is at a low level. When WRITE 
DISABLE is high, data entry is inhibited; 
however, all 8 outputs can be continuously 
read independent of WRITE DISABLE and 
address inputs. 

A master RESET input is available, which 
resets all bits to a logic "0" level when RESET 
and WRITE DISABLE are at a high level. 
When RESET Is at a high level, and WRITE 
DISABLE is at a low level, the latch acts as 
a l-of-8 demultiplexer; the bit that is ad- 
dressed has an active output which follows 
the data input, while all unaddressed bits 
are held to a logic "0" level. 

The CD4099B types are supplied in 16-lead 
hermetic ceramic dual-in-line packages (D 
and F suffixes), 16-lead plastic dual-in-line 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


Features: 

■ Serial data input ■ Active parallel output 

■ Storage register capability ■ Master clear 

■ Can function as demultiplexer 

■ Standardized, symmetrical output characteristics 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 ju A at 18 V 
(full package-temperature range), 100 nA 
at 18 V and 25^0 

■ Noise margin (full package-temperature 
range) = 1 V at Vqd = 5 V, 2 V at Vqq 
= 10 V, 2.5 Vat Vdd = 15 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 

for Description of 'B' Series CMOS Devices" ' 



Applications: 

■ Multi-line decoders 

■ A/D converters 


MAXIMUM Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vqq) 

(Voltages referenced to V 53 Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vdd +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pp): 

For Ta = -40 to + 6 OOC (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For Ta = -55 to +100*0 (PACKAGE TYPES D, F, K) 500 mW 

For Ta = +100 to +1 25* C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = full PACKAGE-TEMPERATURE RAN(3E (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D. F, K. H -55 to +1 25* C 

PACKAGE TYPE E -40 to +85* C 

STORAGE TEMPERATURE RANGE (Tjtg) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from case for 10 s max +265°C 


*AU. INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 





Fig. 1 — Logic diagram of CD4099B and detail of 1 of 8 latches. 


Q7— I 
RESET — 2 
DATA — 2 
WRITE 4 



TOP VIEW 92CS-24426 

TERMINAL ASSIGNMENT 


[AMBIENT TEMPERATURE (Ta)»25»CK 


4GATE-T0-S0URCE VOLTAGE (Vgs)*I5 V4 


DRAIN-TO-SOURCE VOlTaGE (Vqs)- 


Fig. 2 — Typical output low (sink) 
current characteristics. 
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CD4099B Types 


RECOMMENDED OPERATING CONDITIONS at 7^=2^ C (Unless otherwise specified) 
For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges. 


CHARACTERISTIC 

SEE 

FIG. 15* 

VdD 

(V) 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply Voltage Range: 

(At T/y = Full Package 
Temperature Range) 



3 

18 

V 

Minimum Pulse Width, ty^ 

Data 

© 

5 

200 

- 

ns 

10 

100 

- 

15 

80 


Address 

© 

5 


— 

imm 


— 

wm 


- 

Reset 

0 

5 


- 


75 

- 

15 

50 

- 

Setup Time, ts 

Data to WRITE DISABLE 

© 

5 


- 

ns 


50 

- 


35 

- 

Hold Time, tn 

Data to WRITE DISABLE 

© 

5 

150 

- 

ns 

10 

75 

- 

15 


- 


* Circled numbers refer to times indicated on master timing diagram. 

Note: In addition to the above characteristics, a WRITE DISABLE ON time (the time that WRITE 
DISABLE is at a high level) must be observed during an address change for the total time that the 
external address lines AO, A1 , and A2 are settling to a stable level, to prevent a wrong ceil from 
being addressed (see Fig. 3). 



MODE SELECTION 



ADDRESSED 

UNADDRESSED 



LATCH 

LATCH 

0 

0 

Follows Data 

Holds Previous 




State 

0 

1 

Follows Data 

Reset to "0" 



(Active High 8-Channel Demulti- 




plexer) 

1 

0 

Holds Previous State 

1 

1 

Reset to "0" 

Reset to "0" 


WD = WRITE DISABLE R = RESET: 



Fig. 3 - Definition of WRITE DISABLE ON time. 



Fig. 4 — Minimum output low (sink) 
current characteristics. 


ORAIN-TO- SOURCE VOLTAGE (Vos)— V 



Fig. 6 — Typical output high (source) 
current characteristics. 
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CD4099B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 



UNITS 

Vo 

(V) 




mmn^mmi 


BO 

mm 

mm 

mi’ 

Typ. 

^^1 

Quiescent Device 
Current, 

Iqd Max. 

HBH 

KHI 

B 

B 


umi 

Bl 

m^Bi 

0.04 

B 


HBHI 

HEI 

m 

B 

m 

msm 

■s 

mm: 

0.04 

B 

bhhi 

Eia 

la 

mm 

mm 

mm 

mm 

mm 


imi 



im 


mm 

mm 


mm 


mj 

Output Low 
(Sink) Current 
IqL Min. 


M3 

B 

mm 

[mi 

mm 

mm 

i«jm 

mm 




SQ 

ES 

B 

B 

B 

mm 

B 





■a 

■a 


wsm 

B 

B 

lififM 

IBI 

Output High 
(Source) 

Current, 

Iqh Min. 

■Si 

BHI 

B 

mm 

BIS 

mm 

mm 

mm 

Hm 

mi 

HB9i 

MHI 

B 

mm 

BO 

BB 

B 

BO 

mm 


KSB 

Effil 

B 

BO 

BS 



B 

Bsm 

mm 



B 

BO 


m 

jBa 

BO 

mm 

mm 

Output Voltage: 
Low-Level, 

Vql Max. 


■1 

B 

0.05 

- 

0 



mm 

SQ 

B 

0.05 

- 

0 

0.05 

- 

QQ 

B 

0.05 

- 

0 

0.05 

Output Voltage: 

High-Level. 

VOH Min. 

- 

0.5 


4.95 


mm 

imi 

- 

EIEI 

B 

9.95 

9.95 

10 

- 

- 


B 

14.95 

imu 


mi 

input Low 
Voltage, 

V|L Max, 

0.5, 4.5 

- 

5 

1.5 

— 

- 

1.5 

V 

1. 9 

- 

10 

3 

- 

— 

3 

1.5,13.5 

- 

15 

4 

- 

- 

4 

Input High 
Voltage, 

V|H Min. 

0.5, 4.5 

- 

5 

3.5 

3.5 

- 

- 

1,9 

- 

10 

7 

7 

— 

— 

1.5,13.5 

- 

15 

11 

11 

- 

- 

Input Current 
liNMax. 

- 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10~5 

±0.1 

MA 



CD4099BH 

DIMENSIONS AND PAD LAYOUT 

Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as 
indicated. Grid graduations are in mils (10^^ inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 



Fig. 7 — Minimum output high (source) 
current characteristics. 


■1 

.1 liilliii 

■i ■ ■■•■■■!» 1 

■■■ ■■•■■■■■■ 1 

^^bSSSSSSSI^h 

!■■■!■■■■ SSS 

IBBBBBaaB aSB 
liBBBBBBB BBB 
iBBBaaaaa aaa 
iBaaaaBBB bbb 

a^^^mmi^mm 

■» 

■ •■■■■■■■ 

■ ■ ■■■■■■■■§_! 



^jSss 

■ ■■•■■■■■ 

s * i B 

mil 


91 

■ ■■■■■■■£ 

■ mmtmmmmW 

■ 




■ aSSSSSSSSSS i 

a BBBBaBBBBaa i 

B BBBBBBBBBBB 1 



9;-: 


B BBBBBBBBBBB 1 
B BBBaBBBBaBB 1 



lii 

■ ■■■■■■■■! 

i ■■BaaaBBiii i 
aBBBBBBBBBBaaBB* 
••••■aaaaBBBBBBI 

B BaBBBBaaBBB Bl 
B BBBBaBBBIBB Bl 

lllllii 

SaaSaiSaS 



0 10 20 30 40 90 60 70 80 90 100 

LOAD CAPACITANCE (C|,>-pF 

92CS-2TS79 


Fig. 8 — Typical propagation delay time 
(data to Qn) vs. load capacitance. 



LOAD CAPACITANCE (C|.>—pF 

92CS-24S??;, 


Fig. 9 — Typical transition time vs. load 
capacitance. 



92CS-27680 


Fig. 10 — Typical dynamic power dissipation vs. 
address cycle time. 
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CD4099B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS af = 25° C, = 50 pF, 

Input tfr tf= 20 ns, Ri_ = 200 KQ. 


CHARACTERISTIC 

Propagation Delay: tpL^- 
^PHL 

Data to Output, 

WRITE DISABLE 
to Output, tpLH- 

^PHL 

Reset to Output, 

tPHL 

Address to Output. 

tPLH' 

tPHL 

Transition Time, ^THL' 
(Any Output) tjL|-| 

Minimum Pulse 
Width, tyy 


Minimum Setup 
Time, t 5 

Data to WRITE DISABLE 
Minimum Hold 
Time, t|_| 

Data to WRITE DISABLE 


CONDITIONS 


© 


Q 

O 

> 

ALL rALI^Alit: 1 Yrt5 I 

(V) 

TYP. 

MAX. 

5 

200 

400 

10 

75 

150 

’ 15 

50 

100 

5 

200 

400 

10 

80 

160 

15 

60 

120 

5 

175 

350 

10 

80 

160 

15 

65 

130 

5 

225 

450 

10 

100 

200 

15 

75 

150 

5 

100 

200 

10 

50 

100 

15 

40 

80 

5 

100 

200 

10 

50 

100 

15 

40 

80 

5 

200 

400 

10 

100 

200 

15 

i 65 

125 

5 

75 

150 

10 

40 

75 

15 

25 

50 

5 

50 

100 

10 

25 

50 

15 

20 

35 

5 

75 

150 

10 

40 

75 

15 

25 

50 


Input Capacitance, C|N Any Input 5 

•Circled numbers refer to times indicated on master timing diagram. 



Fig. 11 — Quiescent device current 
test circuit. 



j NOTE • 

Vcc TEST ANY COMBINATION 

OF INPUTS 

9ECS-2T44IRI 

Fig. 12— Input voltage test circuit. 





NOTE: 

MEASURE INPUTS 
sequentially, 

TO BOTH Vqo and Vss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
VoD 0«Vss 


Fig. 13 — Input current test circuit. 



Fig. 14 — 1 of 16 decoder/demultiplexer. 


-H© ^ 


© o © 

Fig. 15— Master timing diagram. 



Fig. 16 — Multiple selection decoding -4x4 
crosspoint switch. 
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CD4502B Types 


CMOS Strobed Hex 
Inverter/Buffer 

High-Voltage Types {20-Volt Rating) 


The RCA-CD4502B consists of six inverter/ 
buffers with 3-state outputs. A logic "1" on 
the OUTPUT DISABLE input produces a 
high-impedance state in all six outputs. This 
feature permits common busing of the out- 
puts, thus simplifying system design. A 
Logic on the INHIBIT input switches 
all six outputs to logic "0" if the OUTPUT 
DISABLE input is a logic "0". This device 
is capable of driving two standard TTL loads, 
which is equivalent to six times the JEDEC 
"B"-series Iql standard. 

The CD4502B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead dual-in-line plastic 
package (E suffix), 16-lead ceramic flat 
package (K suffix), and in chip form (H 
suffix). This device is similar to the MCI 4502. 


Features: 

■ 2 TTL-load output drive capability 

■ 3-state outputs 

■ Common output-disable control 

■ Inhibit control 

■ 100% tested for quiescent current at 20 V 

■ 5-V, 10- V, and 15-V parametric ratings 

■ Maximum input current of 1 pA at 18 V over 
full package-temperature range; 100 nA at 
18 V and 25° C 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

■ Noise margin (full package-temperature 
range) = 

1 V at Vdd = 5 V 

2 Vat Vdd = 10V 
2.5 Vat Vdd = 15 V 

Applications: 

■ 3-state hex inverter for interfacing IC's 
with data buses 

■ COS/MOS to TTL hex buffer 


MAXIMUM RATmGS. Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V^q) 

(Voltages referenced to Vss Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pp): 

For Ta = -40 to +60OC (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For Ta= - 55 to +100‘’C (PACKAGE TYPES D,F,K) 500 mW 

For Ta = +100 to +1 25® C (PACKAGE TYPES D,F,K) . . . Derate Linearly at 12 mW/^C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ..... 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACI^GE TYPES D, F, K, H -55 to +1 25^0 

PACKAGE TYPE E -40 to +850C 

STORAGE TEMPERATURE RANGE (Tstg) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 ± 1 /32 inch ( 1 .59 ± 0.79 mm) from case for 1 0 s max +265°C 


' INVERIER/BUPFER No I 


TRUTH TABLE 



DISABLE 

INHIBIT 

Dn 

Qn 

0 

0 

0 

1 

0 

0 

1 

0 

0 

1 

X 

0 

1 

X 

X 

z 


Logic 0 - Low 
Z = High Impedance 
X = Don't Care 
Logic 1 = High 


Fig. 1 — Logic diagram of 1 of 6 identical inverter /buffers. 


D3 
03 
01 

3- STATE 

OUTPUT DISABLE 
01 
02 
02 
Vss 

TOP VIEW 

9205-25128 



TERMINAL ASSIGNMENT 


THREE-STATE 
OUTPUT 4 
DISABLE 
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FUNCTIONAL DIAGRAM 



Fig. 2 — Typical output low (sink) 
current characteristics. 
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Fig.3 — Minimum output low (sink) 
current characteristics. 


ORAIN-TO-SOURCE VOLTAGE (Vos)— V 



Fig. 4 — Typical output high (source) 
current characteristics. 
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CD4502B Types 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that oper- 
ation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

Min. 

Max. 

Supply-Voltage Range (ForTA = Full Package- 
Temperature Range) 

3 

18 

V 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (®C) 
Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at —40, +25, +85 Apply to E Package 

UNITS 

Vo 

(V) 

V|N 

(V) 

VdD 

(V) 


+25 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 

Quiescent Device 
Current, 

IqD Max- 

- 

0,5 

5 

1 

1 

30 

30 

- 

0.02 

1 

pA 

- 

0,10 

10 

2 

2 

60 

60 

- 

0.02 

2 

- 

0,15 

15 

4 

4 

120 

120 

- 

0.02 

4 

- 

0,20 

20 

20 

20 

600 

600 

- 

0.04 

20 

Output Low 
(Sink) Current 
IqL Min. 

0.4 

0.5 

5 

3.84 

3.66 

2.52 

2.16 

3.06 

6 

- 

mA 

0.5 

0,10 

10 

9.6 

9 

6.6 

5.4 

7.8 

15.6 

- 

1.5 

0,15 

15 

25.2 

24 

16.8 

14.4 

20.4 

40.8 

- 

Output High 
(Source) 

Current, 

Iqh Min. 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Voltage: 
Low-Level, 

Vql Max. 

- 

0.5 

5 

0.05 

- 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output Voltage: 
High-Level, 

VqH Min. 

- 

0,5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage, 

V|L Max. 

0.5, 4.5 

- 

5 

1.5 

— 

- 

1.5 

V 

1. 9 

- 

10 

3 

- 

- 

3 

1.5, 13.5 

- 

15 

4 

- 

- 

4 

Input High 
Voltage, 

V|H Min. 

4.5 

- 

5 

3.5 

3.5 

- 

- 

9 

- 

10 

7 

7 


_ 

13.5 

- 

15 

11 

11 

- 

- 

Input Current 
l||Si Max. 


0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10-5 

±0.1 

iuA 

3-State Output 
Leakage Current 
lOUT Max. 

0,18 

0,18 

18 

±0.4 

±0.4 

±12 

±12 

- 

±10-4 

±0.4 

juA 




• 2CS-29I48 9ZCS-Z9I49 


Fig. 8 — Typical transition time as a function 
of load capacitance. 


Fig.9 — Typical propagation-delay time as a 
function of load capacitance. 



Fig.5 — Minimum output high (source) 
current characteristics. 



92C9*2t»04 


Fig.6 — Typical voltage transfer 
characteristics. 



INPUT FREOUENCY(f 

9ZCS-Z9l4e 

Fig. 7 — Typical power dissipation as a 
function of input frequency. 



Fig. 10— Power-dissipation test circuit. 
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CD4502B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 250C; Input tr. tf = 20 ns. 
Cl = 50 pF, Rl = 200 KQ, Unless otherwise specified. 


CHARACTERISTIC 


TEST CONDITIONS 




VdD 

(V) 

TYP 

MAX 



5 

135 

270 

Data or Inhibit Delay Times: 


10 

60 

120 

High to Low, tp^L 


15 

40 

80 



5 

190 

380 

Low to High, tpLH 


10 

90 

180 



15 

65 

130 

Disable Delay Times: Rl=1 KO 


5 

60 

120 

Output High to High 


10 

40 

80 

Impedance, tpHZ 


15 

30 

60 



5 

110 

220 

High-Impedance to Output 


10 

50 

100 

High, tpzH 

Qoo Enin 1 ^ 

15 

40 

80 

Output Low to High 

oee rig. i ^ 

5 

125 

250 

Impedance, tpLZ 


10 

65 

130 



15 

55 

no 



5 

125 

250 

High Impedance to Output 


10 

55 

no 

Low, tpzL 


15 

40 

80 

Transition Times: 


5 

100 

200 

Low to High, tjLH 


10 

50 

100 



15 

40 

80 



5 

60 

120 

High to Low, tj^L 


10 

30 

60 



15 

20 

40 

Input Capacitance, C|f\| 

Any Input 

5 

7.5 



Fig. 11 — Quiescent-device-current 
test circuit. 



NOTE • 

TEST ANY COMBINATION 
OF INPUTS 


Fig. 12 — Input-voltage test circuit. 


MD* 

Vss 



NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH VoD AND Vss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vno OR Vee- 



TEST CONDITIONS 
TEST PIN 15 POIN-Ta 
«PHZ Vss Vss 

*PL2 VPD Vdo 

'P2L VPD VPD 

JPZH Vss Vss 



Fig. 14 — Disable delay times test circuit and waveforms. 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as 
indicated. Grid graduations are in mils (10~^ inch.) 

The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individuai chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should considers tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


Fig. 13 — Input leakage current test circuit. 


30 40 50 60 70 80 90 



80-88 

2.032-2.23! 


(0.102-0.254) 

87-95 

(2.210-2.413) 


Dimensions and Pad Layout for CD4502BH 
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CD4503B Types 


CMOS Hex Buffer 

High-Voltage Types (20-Volt Rating) 
3-State Non-Inverting Type 


The RCA-CD4503B is a hex noninverting 
buffer with 3>state outputs having high sink- 
and source-current capability. Two disable 
controlsare provided, one of which controls 
four buffers and the other controls the 
remaining two buffers. Thfe CD4503B types 
are supplied in 16-lead hermetic dual-in- 
line ceramic packages (D and F suffixes), 
16-lead dual-in-line plastic packages (E suf- 
fix), 1 6-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 


Features: 

■ 1 TTL-load output drive capability 

■ 2 output-disable controls 

■ 3-state outputs 

■ Pin compatible with industry types MM80C97, 
MC14503, and 340097 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Maximum input current of 1 ptA at 18 V over full 
package-temperature range; 100 n A at 18 V and 25°C 

■ Meets all requirements of JEDEC 
Tentative Standard No. 13A, “Standard 
Specifications for Description of ‘B’ 

Series CMOS Devices” 

Applications: 

■ 3-state hex buffer for interfacing IC’s 
with data buses 

■ CMOS to TTL hex buffer 




TRUTH TABLE 


On 

DISA(B) 

Qn 

0 

0 

0 

1 

0 

1 

X 

1 

HIGH Z 


X • DON'T CARE 



^ALL INPUTS PROTECTED 
BY COS/MOS PROTECTION 
NETWORK 




92CM- 32393 


Vss 


Fig. 1— Logic diagram of 1 to 6 identical buffers. 



current characteristics. 
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DRAIN-TO-SOURCE VOLTAGE (Vq5)-V 

9203-32735 


MAXIMUM RATINGS, Absolute-Maximum Values: 


Fig. 3— Minimum n-channel output low (sink) 


DC SUPPLY-VOLTAGE RANGE, (Vdd) 

(Voltages referenced to Vss Terminal) 

INPUT VOLTAGE RANGE, ALL INPUTS 

DC INPUT CURRENT, ANY ONE INPUT 

POWER DISSIPATION PER PACKAGE (Pq): 

ForTA = —40 to + 60'’C (PACKAGE TYPE E) 

ForTA = +60 to + 85°C (PACKAGE TYPE E) 

For T^ = -55 to +100° C (PACKAGE TYPES D, F, K) 

For T^ = +100 to +125°C (PACKAGE TYPES D, F, K) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
ForTA = FULL PACKAGE-TERMPERATURE RANGE (All 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H 

PACKAGE TYPE E 

STORAGE TEMPERATURE RANGE (Tstg) 


— 0.5 to + 20 V. 

—0.5 to Vdd +0.5V 

±10 mA 

500 mW 

. . . Derate Linearly at 12 mW/°C to 200 mW 

500 mW 

Derate Linearly at 12 mW/°C to 200 mW 

Package Types) 100 mW 

-55 to +1 25° C 

-40 to +85° C 

—65 to +1500C 


LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 


current characteristics. 



TERMINAL ASSIGNMENT 
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CD4503B Types 


STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (»C) y 
CHARAC- CONDITIONS Values at -55, +25, +125 Apply to D, F, K, H Packages N 

TERISTIC Values at —40, + 25, + 85 Apply to E Package I 

Vo I V|N I Vdd I I I +2S g 

(V) (V) (V) —55 -40 +85 + 125 1 Min. Typ. | Max.| 


DRAIN-TO- SOURCE VOLTAGE (V^sj-V 


LVnigniiar.E VOLTAGE tVCSl* 





Supply-Voltage Range (For 
Ta = Full Package- 
Temperature Range) 



■!s!ss!!!!!!!ss9sa!!=»is KsaKKaKKiaaKKiar 

•■■■■■■■■■■■■■■■■■■■■■I 
■■■■■■■■■■■■■■■■■■■■■■I 
■■■■■■■■■■■■■■■■■■■■■■I., 

——■■■■■■■■•■■■■■■■■■■I 
MmmmmummmmmmiammmumW 


■■■■■■■■■■■■■■■■■■I 

■■■■■■■■■■■■■■■■■■■■■■■I 

■■■■■■■■■■■■■■■■■■■■■■■I 



LOAD CAPACITANCE (Cil-pF 

9205-32738 

Fig. 6— Typical propagation delay time as a 
function of load capacitance. 



AMBIENT TEMPERATURE (T a) *25*0 


ti saa aa »lgai 
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POWER DISSIPATION (Pq 


CD4503B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = aS^C; Input tf = 20 ns, 
Cl, = 50 pF, Rl, = 200 kQ unless otherwise specified. 


CHARACTERISTIC 


Propagation Delay Time: 
Low-to-High, tpm 

HIgh-to-Low, tpuL 


Transition Time: 
Low-to-High, tjm 

High-to-Low, tj^L 


3-State Propagation Delay Time: Rl = 1 kn 
tpHZ’tpZH 

tpZU <PLZ 



Vqd 

LIMITS 1 

UNITS 

(V) 

Typ. 

Max. 

5 

75 

150 


10 

35 

70 

ns 

15 

25 

50 


5 

55 

110 


10 

25 

50 

ns 

15 

17 

35 


5 

50 

90 


10 

30 

45 

ns 

15 

25 

35 


5 

35 

70 


10 

20 

40 

ns 

15 

13 

25 


5 

70 

140 


10 

30 

60 

ns 

15 

25 

50 


5 

90 

180 


10 

40 

80 

ns 

15 

35 

70 



Fig. 8— Typical power dissipation as a function 
of frequency. 




Fig. 10— Quiescent-device-current test circuit. 



vcs test any combination 

OF INPUTS 


Fig. 11— Input-voltage test circuit. 


VOD 

Vss 


9ZCS>3Z74I 

Fig. 9— Dynamic power dissipation test circuit. 



NOXE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH Vqd ANO VsS' 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vqd ORVss 


Fig. 12— Input current test circuit. 


10 20 30 40 50 60 TO 80 



€ 8-76 

( 1 . 727 - 1 . 930 ) 


_ 4-10 

(0- 102-0.254) 

78-*86 

(1.981 -2.184) 


Dimensions and pad layout for CD4503BH 


Dimensions in parentheses are in millimeters and 
are derived from the baste inch dimensions as in- 
dicated. Grid graduations are in mils flO^^mch). 

The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4508B Types 


Features: 


CMOS Dual 4-Bit 
Latch 

High-Voltage Types (20-Volt Rating) 

The RCA-CD4508B dual 4-bit latch contains 
two identical 4-bit latches with separate 
STROBE. RESET, and OUTPUT DISABLE 
controls; With the STROBE line in the high 
state, the data on the "D" inputs appear at 
the corresponding "Q” outputs provided the 
DISABLE line is in the low state. Changing 
the STROBE line to the low state locks the 
data into the latch. A high on the reset line 
forces the outputs to a low level regardless of 
the state of the STROBE input. The outputs 
are forced to the high-impedance state for 
bus line applications by a high level on the 
DISABLE input. 

The CD4508B types are supplied in the 24- 
lead dual-in-line ceramic packages (D and F 
suffixes), 24-lead dual-in-line plastic pack- 
ages (E suffix), 24-lead ceramic flat pack- 
ages (K suffix), and in chip form (H suffix). 

The CD4508B is similar to industry type 
MCI 4508. 


■ Two independent 4-bit latches 

■ Individual master reset for each 4-bit latch 

■ 3-state outputs with high-impedance state for bus 
line applications 

■ Medium-speed operation: tp^L = *PLH “ 

(typ.) at VpQ = 10 V and Cl = 50 pF 

■ 100% tested for quiescent current at 20 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Standardized, symmetrical output characteristics 

■ Maximum input current of 1 pA at 18 V 
over full package-temperature range; 

100 nA at 18 V and 250C 

■ Noise margin (full package-temperature 
range) = 

1 V at Vdd = 5 V 

2 Vat Vdd = 10 V 
2.5 Vat Vdd = 15 V 

■ Meets all requirements of JEDEC Tenta- 
tive Standard No.13A, "Standard Speci- 
fications for Description of 'B' Series 
CMOS Devices" 


Applications: 

■ Buffer storage 

■ Holding registers 

■ Data storage and multiplexing 


MAXIMUM \KfKJmQS. Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vqd) 

(Voltages referenced to Vss Teirninal) — 0.5 to - h20 V 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to Vqd +0.5 V 

DC INPUT CURRENT, ANYONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq): 

For Ta = -40 to +60OC (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/^C to 200 mW 

For Ta =-55 to +100“ C (PACKAGE TYPES D, F, K) 500 mW 

For Ta = +100 to +125“C (PACKAGE TYPES D, F, K) . . . Derate Linearly at 1 2 mW/^C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ta= full PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H -55 to +1 250C 

PACKAGE TYPE E -40 to +850C 

STORAGE TEMPERATURE RANGE (Tj^g) -65 to +150^0 

LEAD TEMPERATURE (DURING SOLDERING); 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 


RECOMMENDED OPERATING CONDITIONS at Ta = 25®C, Except as Noted. For maximum 
reliability, nominal operating conditions should be selected so that operation is always within the 
following ranges: 


CHARACTERISTIC 

Vdd 

(V) 

LIMITS 

UNITS 

Min. 

Max. 

Supply-Voltage Range (For Ta = Full Package- 





Ternperature Range) 






5 

200 

- 


Reset Pulse Width, tW(R) 

10 

140 

- 



15 

100 

- 



5 

140 

- 


Strobe Pulse Width, t\/\/(st) 

10 

80 

- 



15 

70 

- ^ 

ns 






5 

50 



Setup Time, t 3 (j 

10 

30 




15 

20 

- 



5 

0 

- 


Hold Time, t^ 

10 

0 

- 



15 

0 

- 




92CS-27494RI 


FUNCTIONAL DIAGRAM 



Fig.2 — Typical output low (sink) current 
characteristics. 



Fig.3 - Minimum output low (sink) current 
characteristics. 


ORAIN-TO-SOURCE VOLTAGE (Vos)— V 



Fig. 4 — Typical output high (source) current 
characteristics. 
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CD4508B Types 


STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (<>0 
CONDITIONS Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at -40, +25, +85 Apply to E Package 

UNITS 



V|N Vdd 
(V) (V) 


Quiescent Device 
Current, 

IDD Max. 



Voltage. 
V|H Min. 


Input Current 
l|M Max. 

- 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10-5 

±0.1 

mA 

3-State Output 
Leakage Current 
•out Max. 

0,18 

0,18 

18 

±0.4 

±0.4 

±12 

±12 


±10-4 

±0.4 

pfK 

\ 



Qn -A 

05 ( 7 , 9 . 11 ) 

OUTPUT 


I 

TRUTH TABLE 


RESET 

DISABLE 

STROBE 

D INPUT 

Q OUTPUT 

0 

0 

1 

1 

1 

0 

0 

1 

0 

0 

0 

0 

0 

X 

LATCHED 

1 

0 

X 

X 

0 

X 

1 

X 

X 

Z 



’^ALL INPUTS ’ ' 

PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 


1 = HIGH LEVEL 
0 = LOW LEVEL 


X = DON'T CARE 
Z = HIGH IMPEDANCE 


Fig. 7 — Logic diagram (A-Section), 1 of 4 identical latches with 
common output disable, reset, and strobe. 


DRAIN-TO-SOURCE VOLTAGE (Vds)-V 
-15 -10 -5 


AMBIENT TEMPERATURE (TA)*25"C-f 

IfCE V0LTAGi(^;s)'-^5V^^|-p 






Fig. 4 — Minimum output high (source) current 
characteristics. 



LOAD CAPACITANCE (Cl) — pP 

Fig. 5 — Typical transition time as a function of 
load capacitance. 


I AMBIENT TEMPERATURE (Tft )--2b°C 



F ig. 6 - Typical propagation delay time as a func- 
tion of load capacitance (strobe to data out). 



,1 2 4 68;^a 4 68,^32 ^ 

INPUT FREQUENCY (f|Mx)- kl 


.Fig. 8 — Typical power dissipation as a function 
of frequency. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 250C; Input tr, tf = 20 ns. Cl = 50 pF, 
Rl = 200 kn, unless otherwise specified. 


CHARACTERISTIC 

TEST 


LIMITS 

UNITS 

CONDITIONS 

VdD 

Typ. 

Max. 



5 

100 

200 


Transition Time, tjHL. tJLH 


10 

50 

100 




15 

40 

80 




5 

100 

200 


Minimum Reset Pulse Width, t\/\/(p{) 


10 

70 

140 




15 

50 

100 




5 

70 

140 


Minimum Strobe Pulse Width, t\/\/| 5 ^) 


10 

40 

80 




15 

35 

70 




5 

25 

50 


Minimum Setup Time, t 5 u 


10 

15 

30 




15 

10 

20 




5 

0 

0 


Minimum Hold Time, t^ 


10 

0 

0 




15 

0 

0 


Propagation Delay Times: tpj-iL.tPLH 


5 

130 

260 


Strobe to Data Out 


10 

70 

140 




15 

50 

100 

ns 



5 

105 

210 


Data In to Data Out 


10 

60 

120 




15 

45 

90 




5 

90 

180 


Reset to Data Out 


10 

50 

100 1 




15 

40 

80 


3-State Propagation Delay Times: 


5 

10 

90 

50 

180 

100 


Output High to High Impedance, tpn^ 


15 

35 

70 




5 

90 

180 


High Impedance to Output High,tp2H 


10 

50 

100 




15 

35 

70 




5 

90 

180 


Output Low to High Impedance, tpLZ 


10 

50 

100 




15 

35 

70 




5 

90 

180 


High Impedance to Output Low, tpzL 


10 

50 

100 




15 

35 

70 


Input Capacitance, C|i\i 

Any Input 

- 

5 

7.5 

PF 


’W{st) ^ 



CD4508B Types 



Fig. 9 — Power dissipation test circuit. 



Fig. 10 — Quiescent device 
curren t tes t circui t. 





OUTPUTS 



NOTE . 

TEST ANY COMBINATION 
OF INPUTS 


92CS-E744IRI 


Fig. 11 — Input voltage test circuit. 


VoD 

Vss 


NOTE 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH Vqd and Vss- 
CONNECT ALL UNUSED 
INPUTS TO EITHER 


VddORVss- 


Vss 


9ZCS-27402 


Fig. 13 — Input current test circuit. 
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CD4508B Types 



Fig. 14 — Output disable test circuit and waveforms. 
















CD4510B, CD4516B Types 


CMOS Presettable 
Up/Down Counters 

High-Voltage Types (20-Volt Rating) 

CD4510B BCD Type 

CD4516B Binary Type 

The RCA-CD4510B Presettable BCD Up/Down 
Counter and the CD4516 Presettable Binary 
Up/Down Counter consist of four synchron- 
ously clocked D-type flip-flops (with a gating 
structure to provide T-type flip-flop capa- 
bility) connected as counters. These counters 
can be cleared by a high level on the RESET 
line, and can be preset to any binary number 
present on the jam inputs by a high level on 
the PRESET ENABLE line. The CD4510B 
will count out of non-BCD counter states in a 
maximum of two clock pulses in the up 
mode, and a maximum of four clock pulses 
in the down mode. 

If the CARRY-IN input is held low, the 
counter advances up or down on each 
positive-going clock transition. Synchronous 
cascading is accomplished by connecting all 
clock inputs in parallel and connecting the 
CARRY-OUT of a less significant stage to 
the CARRY-IN of a more significant stage. 

The CD451 OB and CD451 6B can be cascaded 
in the ripple mode by connecting the CAR R Y- 
OUT to the clock of the next stage. If the 
UP/DOWN input changes during a terminal 
count, the CARRY-OUT must be gated with 
the clock, and the UP/DOWN input must 
change while the clock is high. This method 
provides a clean clock signal to the subse- 
quent counting stage. (See Fig. 15). 

These devices are similar to types MC14510 
and IVIC14516. 

The CD4510B and CD4516B Series types 
are supplied in 16-lead hermetic dual-in- 
line ceramic packages (D and F suffixes), 
1 6-lead dual-in-line plastic packages (E suf- 
fix), 1 6-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 


Q4 

P4 

H 

CARRY IN 
01 

CARRY OUT 
'^SS 


VqD 

■ CLOCK 
•03 
■P3 
•P2 
02 

UP/DOWN 

RESET 


l« 16 

2 15 

3 14 

4 13 

5 12 

6 II 

7 10 

8 9 
(TOP VIEW) 


92CS-270I5 

CD4510B,CD4516B 
TERMINAL ASSIGNMENT 


^Features: 

■ Medium-speed operation - 
fQL ” 8 MHz typ. at 10 V 

■ Synchronous internal carry propagation 

■ Reset and Preset capability 

■ 100% tested for quiescent current at 20 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Standardized symmetrical output characteristics 

■ Maximum input current of 1 juA at 18 V 
over full package temperature range; 

100 nA at 18 V and 25°C 

■ Noise margin (full package-temperature 

range) • 1 V at Vqq = 5 V 

2 Vat Vqq = 10 V 
2.5 Vat Vdd = 15V 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 


OPERATING CONDITIONS AT T^ = 25°C. Unless Otherwise Specified 


For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges. 


Characteristic 

VdD 

Min. 

Max. 

Units 

Supply Voltage Range (AtT^= Full Package-Temperature Range) 


3 

18 

V 


5 

150 

- 


Clock Pulse Width, tyy/ 

10 

75 

- 

ns 

15 

60 

- 



5 

- 

2 


Clock Input Frequency, f^L 

10 

- 

4 

MHz 


15 

- 

5.5 



5 

150 

- 


Preset Enable or Reset Removal Time* 

10 

80 

- 

ns 


15 

60 

- 



5 

- 

15 


Clock Rise and Fall Time, t^CL, t^CL* 

10 

15 

_ 

5 

5 

MS 


5 

130 

- 


Carry-In Setup Time, tg 

10 

60 

- 

ns 


15 

45 

- 



5 

360 

- 


Up-Down Setup Time, t 5 

10 

160 

- 

ns 


15 

110 

- 



5 

220 

- 


Preset Enable or Reset Pulse Width, tyy 

10 

100 

- 

ns 


15 

75 

- 



•Time required after the falling edge of the reset or preset enable inputs before the rising edge 
of the clock will trigger the counter (similar to setup time). 


*lf more than one unit is cascaded in the parallel clocked application, t^CL should be made less 
than or equal to the sum of the fixed propagation delay at 1 5 pF and the transition time of the 
carry output driving stage for the estimated capacitive load. 


PRESET 

ENABLE 

P.-i[ 


CLOCK — ^ 

UP/DOWN — 

CARRY IN C 

RESET 

CD4510B, CD4516B 
FUNCTIONAL DIAGRAM 

9205-24824 

Applications: 

■ Up/Down difference counting 

■ Multistage synchronous counting 

■ Multistage ripple counting 

■ Synchronous frequency dividers 



2 

P 04 


VdD = 16 
'^SS = 8 
7 

o CARRY OUT 
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CD4510B, CD4516B Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vdd) 

(Voltages referenced to Vss Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pp): 

For T^ = -40 to +60° C (PACKAGE TYPE E) 500 mW 

For T^ = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 


For Ta = -55 to +100°C (PACKAGE TYPES D, F, K) . 


For T^ = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H -55to+125°C 

PACKAGE TYPE E -40to+85°C 

STORAGE TEMPERATURE RANGE (Tgtg) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 


PI* Ql P2* Q2 P3* Q3 P4* a4 

4 6 12 11 13 14 3 2 



Fig. 3 — Logic Diagram for CD4510B. 



Fig. 5 — Minimum output high (source) current Fig.6 — Typical transition time vs. load 

characteristics. capacitance. 



DRAIN-TO-SOURCE VOLTAGE (Vos) — ^ 


Fig. 1 — Typical output low (sinft) current 
characteristics. 



0 5 10 15 


DRAIN-TO-SOURCE VOLTAGE (Vos) — V 

92CS ■243I9RI 

Fig.2 - Minimum output low (sink) current 
characteristics. 




Fig. 7 — Typical propagation 'delay time vs. 
load capacitance for clock-to-Q 
outputs. 
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CD4510B, CD4516B Types 


STATIC ELECTRICAL CHARACTERISTICS 


T^BIENT temperature (TAl'aS'C 

LOAD CAPACITANCE (Cl) = 50pF 


CHARACTER- 


LIMITS AT INDICATED TEMPERATURES (OC) 
CONDITI ONS Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at —40, 4-25, -f 85 Apply to E Package 


ISTIC 

Vo 

V|N 



+25 


(V) 

(V) 

(V) 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 

Quiescent Device 

- 

0,5 

5 

5 

5 

150 

150 

- 

0.04 

5 

Current, 

- 

0,10 

10 

10 

10 

300 

300 

- 

0.04 

10 

IDD Max. 

- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 


- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

Output Low 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

(Sink) Current 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

IqL Min. 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 

Output High 

4.6 

0,5 

5 

-0.64 

-0.61 

-0,42 

-0.36 

-0.51 

-1 

- 

(Source) 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

Current, 

1 M i n 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 


13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Voltage: 

- 

0,5 

5 

0.05 

- 

0 

0.05 

Low-Level, 

Vql Max. 

- 

0,10 

10 

0.05 

- 

0 

0.05 


- 

0,15 

15 

0.05 

- 

0 

0.05 

Output Voltage: 

- 

0,5 

5 

4.95 

4.95 

5 

- 

High-Level, 

- 

0,10 

10 

9.95 

9.95 

10 

- 

Vqh Min. 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 

0.5, 4.5 

- 

5 

1.5 

— 

- 

1.5 


Voltage, 
ViL Max. 


1,9 

1.5,13.5' 


Input High 

0.5, 4.5 

- 

5 

3.5 

3.5 

- 

- 

V 

Voltage, 

1,9 

- 

10 

7 

7 

- 

— 


V|H Min. 

1.5,13.5 

- 

15 

11 

11 

- 

- 


Input Current 

IlfNj Max. 

- 

0,18 

18 

1 

±0.1 ±0.1 ±1 ±1 

- 

±10-5 

±0.1 

/iA 

opepT"rV*- 

- 



PI* Ql P2* Q2 

46 12 II 

.1-! 

P3* Q3 
13 14 

i-1 

P 

1 

4* Q4 

1 2 

f ? 




ALL INPUTS i 

PROTECTED BY w* 

COS/MOS ''SS 

PROTECTION NETWORK. 


SUPPLY VOLTS — VOD 92cs-27006 

Fig.8 — Typical maximum clock input frequency 
1 / 5 . supply voltage. 


z 

<^ 04 -/- 


Z/' 

-7 



-7 


4i 







— 










— 









^ 2 4 68 ' 2 4 68 ' 2 4 68 ', 2 4 68 ' _2 4 68 '^ 

0.1 I 10 10^ lO’ 10^ 

CLOCK INPUT FREQUENCY (f cl)— kHz 92CS-27007 

Fig. 9 — Typical dynamic power dissipation 
vs. frequency. 



Fig. 11 — Quiescent-device-cur- 
rent test circuit. 


Vss 



MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH Vqd ANOVss' 
CONNECT ALL UNUSED 
INPUTS TO EITHER 


Fig. 10 — Logic Diagram for CD4516B. 


Fig. 12— Input-current 
test circuit. 
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CD4510B, CD4516B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25° C, Cl =" 50 pF, 
Input tr, tf = 20 ns, Rl = 200 



Condit- 


Limits 




ions 





Characteristic 

vdd 

(V) 

All Packages 

Units 


Min. 

Typ. 

Max. 


Propagation Delay Time (tpHL' tPLH^' 

5 


200 

400 


Clock-to-Q Output (See Fig. 10) 

10 

- 

100 

200 

ns 


15 

- 

75 

150 



5 

- 

210 

420 


Preset or Reset-to-Q Output 

10 

- 

105 

210 

ns 


15 

- 

80 

160 



5 

- 

240 

480 


Clock-to-Carry Out 

10 

- 

120 

240 

ns 


15 

- 

90 

180 



5 

- 

125 

250 


Carry-ln-to-Carry Out 

10 

- 

60 

120 

ns 


15 

- 

50 

100 



5 

- 

320 

640 


Preset or Reset-to-Carry Out 

10 

- 

160 

320 

ns 


15 

- 

125 

250 



5 

- 

100 

200 


Transition Time (tjuL* ^TLH) (See Fig. 9) 

10 

- 

50 

100 

ns 


15 

- 

40 

80 



5 

2 

4 

- 


Max. Clock Input Frequency (fcL) 

10 

4 

8 

- 

MHz 


15 

5.5 

11 

- 


Input Capacitance (C|(yj) 


- 

5 

7.5 

pF 

Set-up Time, ts 

6 

25 

12 

— 


Preset Enable to J^, 

10 

10 

6 

— 



15 

10 

5 

- 


Hold times, t\-\ 

5 

60 

30 



Ciock to Carry-In 

10 

30 

4 

_ 



15 

30 

1 

— 

ns 


5 

30 

10 

— 


Clock to Up/Down 

Id 

30 

4 

— 



15 

30 

5 

— 



5 

70 

35 

— 


Preset Enable to 

10 

40 

20 

— 


15 

40 

20 

— 




Fig. 13 - Input-voltage 
test circuit. 



Fig. 14 - Power-dissipation test circuit and 
input waveform. 
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CD4510B, CD4516B Types 


CLOCK 

CARRY IN 

"L 

"L 

"L 

“L 

nu 

u 

“L 
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X 

X 

M 

X 
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X 
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- 

UP/ DOWN 

RESET 

PE 
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Fig. 15 — Timing Diagram for CD4510B. 
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Fig. 16— Timing diagram for CD4516B. 



CLOCK PRESET 

ENABLE 9?cs-27oi4 


PARALLEL 

DATA 

OUTPUTS 


This acquisition system can be operated in 
the random access mode by jamming in 
the channel number at the present inputs, or 
in the sequential mode by clocking the 
CD4516B. 


Fig. 17— Typical 16'Channei, 10-bit data acquisition system. 


CL 

Cl 

U/D 

PE 

R 

ACTION 

X 

1 

X 

0 

0 

NO COUNT 

J- 

0 

1 

0 

0 

COUNT UP 

I 

0 

0 

0 

0 

COUNT DOWN 

X 

X 

X 

1 

0 

PRESET 

X 

X 

X 

X 

_ 1 _ 

RESET 


X = DONTCARE 


TRUTH TABLE 



Dimensions and Pad Layout for CD4510BH. 



Dimensions and Pad Layout for CD45 16BH. 

The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils 10+16 mils applicable to the nominal 
dimensions shown. 

Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10~^ inch}. 
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CD4510B, CD4516B Types 


“PARALLEL CLOCKING” 



CARRY OUT lines at the 2nd, 3rd, etc., stages may have a negative-going giitch 
puise resuiting from differential delays of different CD4510/16 IC’s. These negative- 
qoing glitche s do not affect proper CD4510/16 operation. However, if the 
carry out signals a^eusedtoti^ger other edge-sensitive iogic devices, such 
as FF’s or counters, the CARRY OUT signals should be gated with the clock signal 
using a 2-input OR gate such as CD4071B. 


"RIPPLE CLOCKING" 



RIPPLE CLOCKING MODE; 

THE UP/ DOWN CONTROL CAN BE CHANGED AT ANY COUNT . THE ONLY RESTRICTION ON CHANGING 
THE UP/DOWN CONTROL IS THAT THE CLOCK INPUT TO THE FIRST COUNTING STAGE MUST BE "HIGH", 


For cascading counters operating in a fixed up-count or down-count mode, the OR 
gates are not required between stages, and CO is connected directly to the CL input 

of the next stage with CTgrounded. 92 cl-i 7 I 94 R 5 


Fig. 18 — Cascading counter packages. 










CD4511B Types 


CMOS BCD-to-7-Segment 
Latch Decoder Drivers 

High-Voltage Types (20-Volt Rating) 


# 


Qi 



ib' 

709 


92CS-25087 


The CD4511B types are BCD-to-7-segment 
latch decoder drivers constructed with 
CMOS logic and n-p-n bipolar transistor out- 
put devices on a single monolithic structure. 
These devices combine the low quiescent 
power dissipation and high noise immunity 
features of RCA CMOS with n-p-n bipolar 
output transistors capable of sourcing up to 
25 mA. This capability allows the CD4511B 
types to drive LED’s and other displays 
directly. 

Lamp Test (ET), Blanking (BT), and Latch 


Features: 

■ High-output-sourcing capability up to 25 mA 

■ Input latches for BCD Code storage 

■ Lamp Test and Blanking capability 

■ 7-segment outputs blanked for BCD input codes > 1001 

■ 100% tested for quiescent current at 20 V 

■ Max. input current of 1 ^tA at 1 8 V, over 
full package-temperature range, 100 nA 
at18Vand25°C 

■ 5-V, 10-V, and 15-V parametric ratings 



Applications: 

■ Driving common-cathode LED displays 

■ Multiplexing with common-cathode LED 
displays 


Enable or Strobe inputs are provided to test 
the display, shut off or intensity-modulate it, 
and store or strobe a BCD code, respectively. 
Several different signals may be multiplexed 
and displayed when external multiplexing 
circuitry is used. The CD451 1 B is supplied 
in 16-lead hermetic dual-in-line ceramic 
packages (D and F suffixes), 16-lead dual- 
in-line plastic packages (E suffix), 16-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix). 

These devices are similar to the type 
MCI 4511. 



■ Driving incandescent displays 

■ Driving low-voltage fluorescent displays 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vqd) 

(Voltages referenced to Vss Terminal) — 0.6 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to VpD +0.5 V 

DC INPUT CURRENT. ANYONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq): 

For Ta» - 40 to +60Oc (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85°C (PACKAGE TYPE E) ..... Derate Linearly at 12 mW/^C to 200 mW 

For Ta = -55 to +100*0 (PACKAGE TYPES D, F, K) 500 mW 

For Ta = +100 to +125*0 (PACKAGE TYPES D, F, K) • . • Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F. K, H -55 to +1 250C 

PACKAGE TYPE E -40 to +850C 

STORAGE TEMPERATURE RANGE (Tstg) -65to+150®C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from case for 10 s max +265°C 


OPERATING CONDITIONS AT Ta = 25°C Unless Otherwise Specified 


92CS-25084RI 


For maximum reliability, nominal operating conditions should be selected 


CD4511B 

TERMINAL ASSIGNMENT 


SO that operation is always within the following ranges 


Characteristic 

Q 

0 

> 

Min. 

Max. 

Units 

Supply-Voltage Range (Ta): 

(Full Package-Temperature Range) 

- 

3 

18 

V 

Set-Up Time (15) 

5 

150 

- 

ns 

10 

70 

- 

ns 

15 

40 

- 

ns 

Hold Time (tj_|) 

5 

0 

- 

ns 

10 

0 

- 

ns 

15 

0 

- 

ns 

Strobe Pulse Width (tyy) 

5 

400 

- 

ns 

10 

160 

- 

ns 

15 

100 

- 

ns 


311 







CD4511B Types 


STATIC ELECTRICAL CHARACTERISTICS 



Conditions 

Limits at Indicated Temperatures (°C) 








Values at -55, +25, +125 for D, F, K, H, Packages 

Values at —40, +25, +85 for E Packages 


Characteristic 

•oh 

Vo 

V|N 

VdD 





+25 

Units 


(mA) 

(V) 

(V) 

IV) 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 


Quiescent Device 

_ 

- 

- 

5 

5 

5 

150 

150 

_ 

0.04 

5 


Current: Ipp 

Max. 

- 

- 

- 

10 

10 

10 

300 

300 

- 

0.04 

10 

pA 

- 

- 

- 

15 

20 

20 

600 

600 

- 

0.04 

20 

- 

-- 

- 

20 

100 

100 

3000 

3000 

- 

0.08 

100 


Output Voltage: 



0,5 

5 

0.05 


0 

0.05 


Low-Level Vq|_ 

- 


0,10 

10 

0.05 


0 

0.05 

V 

Max. 

- 


0,15 

15 

0.05 

- 

0 

0.05 




- 

0,5 

5 

4 

4 

4.2 

4.2 

4.1 

4.55 

- 


High-Level Vq|.^ 

- 

- 

0,10 

10 

9 

9 

9.2 

9.2 

9.1 

9.55 

- 

V 

Min. 

- 

- 

0.15 

15 

14 

14 

14.2 

14.2 

14.1 

14.55 

- 


Input Low 

Voltage, V| ^ 


0.5,3.8 


5 

1.5 



1.5 


- 

1,8.8 

- 

10 

3 

- 

- 

3 

V 

Max. 


1.5,13.8 

- 

15 

4 

- 

- 

4 


Input High 

- 

0.5, 3.8 


5 

3.5 

3.5 

- 

- 


Voltage, V| ^ 

- 

1,8.8 


10 

7 

7 

- 

- 

V 

Min. 

- 

1.5,13.8 


15 

11 

11 

- 

- 



0 

■■ 


■ 

■ 

4.0 

4.0 

4.20 

4.20 

4.10 

4.55 




5 







. - 

- 

- 

4.25 

- 



10 





3.80 

3.80 

3.90 

3.90 

3.90 

4.10 

- 

V 


15 







3.50 

3.50 

_ 

3.95 

- 



20 





3.55 

3.55 

..^0 

- 

3.40 

3.75 

- 



25 





3.40 

3.40 

- 

- 

3.10 

3.55 

- 



0 





9.0 

9.0 

9.20 

9.20 

9.10 

9.55 

- 


Output Drive 

5 







- 

- 

- 

9.25 

- 


Voltage; 

10 

- 




8.85 

8.85 

9.00 

9.00 

9.00 

9.15 

- 

V 

High Level Vq|^ 


- 


10 

- 

- 

- 

- 

- 

9.05 

- 


Min, 

20 

- 

- 



8.70 

8.70 

8.40 

8.40 

8.60 

8.90 

- 








8.60 

8.60 

- 

- 

8.30 

8.75 

- 



0 

... 

- 



14.0 

14.0 

14.20 

14.20 

14.10 

14.55 

- 



5 

... 

- 



- 

_ 

- 

- 

- 

14.30 

- 



10 

- 

- 

1 

5 

13.90 

13.90 

14.0 

14.0 

14.0 

14.20 

- 

V 


15 

- 

... 


- 

- 

_ 

- 

- 

14.10 

- 



20 

_ 

- 



13.75 

13.75 

13.50 

13.50 

13.70 

13.95 

- 



25 

- 

- 



13.65 

13.65 

- 

- 

13.50 

13.80 

- 


Output Low 
(Sink) Current, 


0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 


mA 

'OL 

- 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

Min. 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 


Input 

Current, l||yj 

Max. 

- 

0,18 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10-5 

±0.1 

pA 


IaMBICNT TEMPES/lirURt (Ta)» 29*C| 



0 5 10 15 

DRAIN-TO-SOURCE VOLTAGE (Vds)-V »2CS 24S)a(»s 


Fig. 1 — Typical output low (sink) current 
characteristics. 



Fig. 2 — Typical data-to-output, low-to-high-level 
propagation delay time as a function of 
load capacitance. 
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Fig. 3 — Typical data-to-output, high-to-low-level 
propagation delay time as a function of 
load capacitance. 



Fig. 4 — Typical low-to-high-level transition time as 
a function of load capacitance. 
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CD4511B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T^ = 25°C, Input t^. t^ = 20 ns, 
Cl = 50pF, Rl = 200 ka 


CHARACTERISTIC 

Test 

Conditions 

LIMITS 

All Packages 

UNITS 

Vdd 

Volts 

Min. 

Typ. 

Max. 

Propagation Delay Time: 

5 

- 

520 

1040 


(Data) 

10 

- 

210 

420 

ns 

High-to-Low Level, tp|_||_ 

15 

- 

150 

300 



5 

- 

660 

1320 


Low-to-High Level, tp^H 

10 

- 

260 

520 

ns 


15 

- 

180 

360 


Propagation Delay Time: 

5 

- 

350 

700 


(BL) 

10 

- 

175 

350 

ns 

High-to-Low Level. tp^L 

15 

- 

125 

250 



5 

- 

400 

800 


Low-to-High Level, tpL^ 

10 

_ 

175 

350 

ns 


15 

- 

150 

300 


Propagation Delay Time: 

5 

- 

250 

500 


(LT) 

10 

- 

125 

250 

ns 

High-to-Low Level, tp^|_ 

15 

” 

85 

170 



5 

- 

150 

300 


Low-to-High Level, tpLH 

10 

- 

75 

150 

ns 


15 

- 

50 

100 


Transition Time: 

5 

- 

40 

80 



10 

- 

30 

60 

ns 

Low-to-High Level, tjLp| 

15 

- 

25 

50 



5 



310 



10 



185 

ns 

High-to-Low Level, tjp|L 

15 

B 


160 



5 



- 


Minimum Set-Up Time, tg 

10 



- 

ns 


15 

■1 


- 




■1 


- 


Minimum Hold Time, t^ 




- 

ns 



■1 


- 



5 



- 


Strobe Pulse Width, tyy 

10 

HI 


- 

ns 


15 





Input Capacitance, C|[\j - 


■ 

5 

7.5 

pF 



Fig. 5 — Typical high-to-low transition time as a 
function of load capacitance. 



SUPPLY VOLTAGE - OUTPUT DRIVE VOLTAGE (VdO-VOH)-V 
92CS- 27081 

Fig. 6 — Typical voltage drop (Vqq to output) vs. 
output source current as a function of 
supply. 




Fig. 7 — Typical dynamic power dissipation characteristics. 


313 













CD4511B Types 




Vss 


92CS-27<»02 

Fig. 11 - Input current 
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Fig. 12 — Data propagation delay. 


Fig. 13 — Dynamic power dissipation. 


TRUTH TABLE 



X = Don't Carfe * Depends on BCD code previously 
applied when LE = 0 

Note: Display is blank for all illegal input codes (BCD > 1001). 



LE 


DATA 
' INPUTS 



■ VOD 


0 

vdd 

FOR SETUP 


✓ 



Fig. 14 — Dynamic waveforms. 
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CD4511B Types 


APPLICATIONS 




A medium'brightness intensity display can t>e 
obtained with low-voltage fluorescent displays 
such as the Tung-Sol Digivac S/G** Series. 


••Trademark Tung-Sol Division Wagner Electric Co. 
Fig. 16 — Driving low-voltage fluorescent displays. 



92CS-27090RI 


2 of 7 Segments Shown Connected 
Resistors R from Vqq to each 7-segment driver 
output are chosen to keep all Numitron segments 
slightly on and warm. 



Fig. 17 - Driving incandescent displays (RCA 
Numitron DR2000 series displays). 


I 



92CM-32873 


Transistors T i — T4 (RCA-2N3053 or 2N21 02) have Iq Max. rating > 7xlggQ 


Dimensions and pad layout for CD451 IB chip. 


Duty Cycle = 25% 

'SEG " f'DIODE^VG^ ^ ^ 

R = ~ ^DF ~ ^CE^ 

'SEG 

All unused inputs on CD4555 
are connected to Vpp or Vgg. 

Fig. 18 - Multiplexing with common-cathode 7-segment LED displays (example Hewlet-Packard 5082-7404 
4 character display or 4 discrete Monosanto Man 3 displays). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +76 mils applicable to the nominal 
dimensions shown. 

Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10~^ inch). 
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CD4512B Types 


CMOS 8-Channel 
Data Selector 

High-Voltage Types (20-Volt Rating) 

The RCA-CD4512B is an 8-channel data 
selector featuring a three-state output that 
can interface directly with, and drive, data 
lines of bus-oriented systems. 

The CD4512B-series types are supplied in 
16-lead hermetic dual-in-line ceramic pack- 
ages (D and F suffixes), 16-lead dual-in-line 
plastic packages (E suffix), 1 6-lead ceramic 
flat packages (K suffix), and in chip form (H 
suffix). 


Features: 

■ 3-state output 

■ Standardized, symmetrical output characteristics 

■ 100% tested for quiescent current at 20 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Maximum input current of 1 juA at 18 V over full package- 
temperature range; 100 nA at 18 V and 25°C 

■ Noise margin (over full package-temperature range): 

1VatVDD= 5V 
2Vat Vdd = 10V 
2.5VatVDD=15V 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, '"Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 

■ Digital multiplexing 

■ Number-sequence generation 

■ Signal gating 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

limits 

UNITS 

MIN. 

MAX. 

Supply-Voltage Range (For = Full Package 

Temperature Range) 

3 

18 

V 



’00 

1^ 







00 — 


le 
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e 

II 
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8 

8 
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TERMINAL ASSIGNMENT 


TRUTH TABLE 
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Fig. 2 — Typical transition time as a function 
of load capacitance. 
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CD4512B Types 


MAXIMUM nATlHGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE. (Vdd) 

(Voltages referenced to Vss Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to Vqd +0-5 V 

DC INPUT CURRENT. ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq): 

For T^ = -40 to +60“ C (PACKAGE TYPE E) 500 mW 

For T^ = +60 to +85“C (PACKAGE TYPE E) Derate Linearly at 12 mW/“C to 200 mW 

For T^ = -55 to +100“C (PACKAGE TYPES D, F. K) 500 mW 

For = +100 to +125“C (PACKAGE TYPES D. F. K) Derate Linearly at 12 mW/“C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D. F, K. H -55to+125“C 

PACKAGE TYPE E -40to+85“C 

STORAGE TEMPERATURE RANGE (Tstg) -65to+150“C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 Inch (1.59 ± 0.79 mm) from case for 10 s max +265®C 


STATIC ELECTRICAL CHARACTERISTICS 


CHARAC- 

TERISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F, K. H, Packages 
Values at —40, +25, +85 Apply to E Package 

IT 

N 

1 

T 

S 

Vo 

(V) 

V|N 

(V) 

Vdd 

(V> 

-55 

-40 

+85 

+125 

+25 

Min. 

Typ. 


Quiescent 

Device 

Current, 

•dd 

- 


5 

5 

5 

150 


- 

0.04 

5 

pA 

- 

IHHil 

m 

10 

10 

300 

300 

- 

0.04 

m 

- 

EBB 

la 



600 

600 

- 

0.04 

HQ 

- 

EBl 


100 


3000 

3000 

- 

0.08 

100 

Output Low 
(Sink) Current 
IqL Min. 

wm 

109 

D 

0.64 


0.42 

0.36 

0.51 

1 


mA 

■HI 

QQ 

m 

1.6 

1.5 

1.1 

0.9 

m 

2.6 


1.5 

EBB 

o 

MB 

4 

2.8 

wm 

■s 

6.8 

- 

Output High 
(Source) 
Current, 

•oh 

B— 

US 

m 



-0.42 

mm 

-0.51 

-1 

- 

2.5 

BUB 

m 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

QEI 

■a 

BQ 

-1.5 

-1.1 

-0.9 

BE 

-2.6 

- 

13.5 


la 

BB 

-4 

-2.8 

BB 

EB 

-6.8 

- 

Output Voltage: 

- 

KS 

o 

0.05 

- 

0 

H!H 

V 

Low-Level, 

- 

KBil 

m 

0.05 

- 

0 


- 

Q3 

la 

0.05 

- 

0 

EES 

Output 

Voltage: 

High-Level, 

Vqh 

_ 


m 

4.95 

BBS 

5 

- 

- 

Bffil 

Bl 

9.95 

BISB 

10 

- 

- 

0,15 

la 

14.95 

14.95 

15 

- 

Input Low 
Voltage 

V|L Max. 

0.5,4.5 

- 

M 

1.5 

- 

- 

■B 

V 

1.9 

- 

o 

3 


- 

Kl 

1.5,13.5 

- 

la 

4 

m 

- 

4 

1 

Input High 
Voltage, 

V||^ Min. 

0.5,4.5 

- 

5 

3.5 

3.5 

- 

- 

1,9 

- 

la 

7 

7 

- 

- 

1.5,13.5 

- 

la 

11 

11 

- 

- 

Input Current 
l|(yi Max. 

■ 

0,18 

18 

±0.1 

±0.1 

±1 


a 

B 

±0.1 

mA 

3State 

1 Output 
Leakage 
Current 
\Q^jMax. 

0,18 

0,18 

18 

±0.4 

±0.4 

±12 

±12 

1 

+ 10-^ 

±0.4 

ma 



current characteristics. 
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Fig. 4 — Minimum output tow (sink) 
current characteristics. 
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Fig. 5 - Typical output high (source) 
current characteristics. 
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Fig. 6 — Minimum output high (source) 
current characteristics. 
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CD4512B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T^ = 25°C, Input = 20 ns, 
Cl = 50pF, RL = 200kn 


lO^Bk ambient temperature (Ta 


CHARACTERISTIC 


Propagation Delay Time, tpj^L» ^PLH 
Inhibit to Output 


"A" Select to Output 


Data to Output 


3-State Disable Delay Time: 

tpZU tPLZ' tpHZ' tpZH 


Transition Time, tj|_jL, tjLH 


Input Capacitance, C||\] 
(Any Input) 


TEST CONDITIONS 

LIMITS 

Vdd 



(V) 

Typ. 

Max. 

5 

140 

280 

10 

70 

140 

15 

50 

100 

5 

200 

400 

10 

85 

170 

15 

60 

120 

5 

180 

360 

10 

75 

150 

15 

55 

110 

5 

60 

120 

10 

30 

60 

15 

20 

40 

5 

100 

200 

10 

50 

100 

15 

40 

80 


5 

7.5 



voo 

MD* 

Vss 



NOTE: 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH Vdd ANOVss 

connect all unused 

INPUTS TO EITHER 
VooORVss 


^ NOTE. 

Vec TEST ANY COMBINATION 

OF INPUTS 


Fig. 12 — Input voltage test circuit. 



Fig. 9 — Dynamic power dissipation test circuit. 


Fig. 10 — Quiescent device current test circuit. 


Fig. 11 — input current test circuit. 




INPUT FREQUENCY (f in)— kH* 92CS-29 


Fig. 7 — Typical dyanamic power dissipation 
as a function of frequency. 



0 20 40 60 60 iO( 

LOAD CAPACITANCE (Cl ) — pF 9205-29860 


Fig. 8 — Typical propagation delay time as a function 
of load capacitance ("A "select to output). 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~^ inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


h 4-IO 
(0.I02- 0.254) 

75-83 ^ 

(I.905-2.I08) 

Dimensions and pad layout for CD4512BH 
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CD4514B, CD4515B Types 


CMOS 4-Bit Latch/4-to-16 


Line Decoders 

High-Voltage Types (20-Volt Rating) 
CD4514B Output "High" on Select 
CD4515B Output "Low" on Select 

The RCA-CD4514B and -CD4515B consist 
of a 4-bit strobed latch and a 4-to- 16-line 
decoder. The latches hold the last input data 
presented prior to the strobe transition from 
1 to 0. Inhibit control allows all outputs to 
be placed at 0(CD4514B) or 1(CD4515B) 
regardless of the state of the data or strobe 
inputs. 

The decode truth table indicates all combi- 
nations of data inputs and appropriate se- 
lected outputs. 

These devices are similar to industry types 
MC14514 and MC14515. 

The CD4514B and CD4515B types are 
supplied in 24-lead hermetic dual-in-line 
ceramic packages (D and F suffixes), 24- 
lead dual-in-line plastic packages (E suffix), 
24-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 


Features: 

■ Strobed input latch 

■ Inhibit control 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 juA at 18 V 
over full package-temperature range; 

100 nA at 18 V and 250C 

■ Noise margin (over full package temper- 
ature range): 

1 V at Vdd = 5 V 

2 Vat Vdd = 10 V 
2.5 Vat Vdd = 15 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Standardized, symmetrical output 
characteristics. 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 

■ Digital multiplexing 

o Address decoding 

■ Hexadecimal/BCD decoding 

■ Program-counter decoding 

B Control decoder 


MAXIMUM Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vq^) 

(Voltages referenced to Vss Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0-5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq): 

For Ta = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For Ta = -55 to +100‘*C (PACKAGE TYPES D.F,K) 500 mW 

For Ta = -1-1 00 to +1 25° C (PACKAGE TYPES D, F,K) ■ • • Derate Linearly at 12 mW/OC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = full PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H -55 to +125^0 

PACKAGE TYPE E -40 to +850C 

STORAGE TEMPERATURE RANGE (Tgtg) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /16 ± 1 /32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 


RECOMMENDED OPERATING CONDITIONS at Ta = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

Vdd 

LIMITS 

UNITS 

(V) 

Min. 

Max. 


Supply-Voltage Range (ForTA= Full Package- 


3 

18 

V 

Temperature Range) 




5 

150 

_ 


Data Setup Time, tg 

10 

70 

- 

ns 


15 

40 

- 



5 

250 

_ 


Strobe Pulse Width, ty^ 

i 

10 

100 

— 

ns 

15 

75 

- 




CD4514B, CD4515B 
FUNCTIONAL DIAGRAM 



Fig. 1 — Typical output low (sink) 
current characteristics. 



Fig. 2 — Minimum output low (sink) 
current characteristics. 
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Fig. 3 — Typical output high (source) 
curren t charac ter is tics. 
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CD4514B, CD4515B Types 


STATIC ELECTRICAL CHARACTERISTICS 




ORAIN-TO-SOURCE VOLTAGE (Vos)- 
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DYNAMIC ELECTRICAL CHARACTERISTICS at T^ = 25°C; 
Cl = 50pF, Rl =200Kn 




Fig. 12 — Input current test circuit. 


CD4514B, CD4515B Types 


tf, tf = 20 ns. 


LIMITS 

1 UNITS 


Typ. 

Max. 

485 

970 

185 

370 

135 

270 

250 

500 

110 

220 

85 

170 

100 

200 

50 

100 

40 

80 

125 

250 

50 

100 

40 

75 

75 

150 

35 

70 

20 

40 

5 

7.5 



Fig. 10 — Quiescent device current test circuit. 




Fig. 13 — Logic diagram for CD4514B and CD4515B. 






CD4514B, CD4515B Types 


DECODE TRUTH TABLE (Strobe = 1) 


INHIBIT 

DECODER 

INPUTS 

SELECTED OUTPUT 

D 

c 

B 

A 

CD4514B = Logic 1 (High) 
CD4515B = Logic 0 (Low) 

0 

0 

0 

0 

0 

SO 

0 

0 

0 

0 

1 

SI 

0 

0 

0 

1 

0 

S2 

0 

0 

0 

1 

1 

S3 

0 

0 

1 

0 

0 

S4 

0 

0 

1 

0 

1 

S5 

0 

0 

1 

1 

0 

S6 

0 

0 

1 

1 

1 

S7 

0 

1 

0 

0 

0 

S8 

0 

1 

0 

0 

1 

S9 

0 

1 

0 

1 

0 

SIO 

0 

1 

0 

1 

1 

S11 

0 

1 

1 

0 

0 

S12 

0 

1 

1 

0 

1 

S13 

0 

1 

1 

1 

0 

S14 

0 

1 

1 

1 

1 

S15 

1 

X 

y 



All Outputs = 0. CD4514B 



A 



All Outputs = CD4515B 


X = Don't Care Logic 1 = high Logic 0 = low 



Fig. 14 — Waveforms for setup time and 
strobe pulse width. 


STROBE 

DATA I 

DATA 2 

S7 

S6 

S5 

S4 

S3 

51 

52 

SO 

Vss 

TOP VI EW 

92CS- 24554 

CD4514B 

CD4515B 

TERMINAL ASSIGNMENT 


- Vdd 

- INHIBIT 

- DATA 4 

- DATA 3 

- SIO 

- Sll 



Dimensions and Pad Layout for CD4515B Chip 
(Dimensions and pad layout for the CD4514B are identical) 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10~^ inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4517B Types 


CMOS Dual 64-Stage 
Static Shift Register 

High-Voltage Types {20-Volt Rating) 


The RCA-CD4517B dual 64-stage static shift 
register consists of two independent registers 
each having a clock, data, and write enable 
input and outputs accessible at taps following 
the 16th, 32nd, 48th, and 64th stages. These 
taps also serve as input points allowing data 
to be inputted at the 17th, 33rd, and 49th 
stages when the write enable input is a logic 
1 and the clock goes through a low-to-high 
transition. The truth table indicates how the 
clock and write enable inputs control the 
operation of the CD4517B. Inputs at the 
intermediate taps allow entry of 64 bits into 
the register with 16 clock pulses. The 3-state 
outputs permit connection of this device to 
an external bus. 

The CD451 7B is supplied in 1 6-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
ages (E suffix), 16-lead ceramic flat pack- 
ages (K suffix), and in chip form (H suffix). 


Features: 

■ Low quiescent current - 10 nA/pkg (typ.) 
at Vdd = 5V 

■ Clock frequency 12 MHz (typ.) at 
Vdd = 10V 

■ Schmitt trigger clock inputs allow operation 
with very slow clock rise and fall times 

■ Capable of driving two low-power TTL loads, 
one low- power Schottky TTL load, or two 
HTL loads 

■ Three-state outputs 

■ 100% tested for quiescent current at 20 V 

■ Standardized, symmetrical output 
characteristics 

■ 5-V, 10-V and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tentative 
Standard No.13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 


TERMINAL ASSIGNMENT 

CLOCKO^fl^ 







OATA(DI)0-^ 

SHIFT^ 

— 1 


QI6a 

1 16 

Vdd 

WRITE 3(13) 
emablfQ** 

REGISTER 



048ft 

2 15 

016b 

1(15)1 6(10)1 2(M)1 5(11) 


WE . 

3 14 

048b 


O O O 

o 

A 



WE«0— 016— -032- --<348-- 

064 

CLft 

4 13 

WEb 

WE« 1— •0I7---D33--D49-- 

-HiZ 

064^ 

5 12 

— CLb 

lOF 2 SHIFT REGISTERS TERM Not 

Q32ft 

6 II 

064b 

IN RARENTHESES ARE FOR 2 NO HALF 

Da — 

7 10 

032b 

VdO-'6 

Vss-8 



"ss 

8 9 

Db 






TOP VIEW 

92CS- 31097 





TERMINAL ASSIGNMENT 


MAXIMUM RMmGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE range, (Vpf^) 

(Voltages referenced to Vgg Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqq +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq): 

For T;^ - -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T;^ = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 1 2 mW/°C to 200 mW 

For T;^ = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

For T;^ = +100 to +125°C (PACKAGE TYPES D, F, K) . . . Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T^); 

PACKAGE TYPES D, F, K, H -55 to + 1 25°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (Tjtg) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage Range (For = Full Package 

Temperature Range) 

3 

18 

V 


Applications: TRUTH TABLE 


■ Time-delay circuits 

Clock 

Write 

Data 

Stage 16 

Stage 32 

Stage 48 

Stage 64 

Enable 

Tap 

Tap 

Tap 

Tap 

■ Scratch-pad memories 

0 

0 

X 

016 

Q32 

Q48 

Q64 

■ General-purpose serial shift-register 

0 

1 

X 

Z 

Z 

Z 

Z 

applications 

1 

0 

X 

016 

Q32 

Q48 

Q64 


1 

1 

X 

Z 

Z 

Z 

Z 



0 

Dl In 

016 

Q32 

Q48 

Q64 



1 

Dl In 

D17 In 

D33ln 

D49 In 

Z 



0 

X 

016 

Q32 

Q48 

Q64 


— 

1 

X 

Z 

Z 

Z 

Z 


X = Don't Care Z = High Impedance 
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CD4517B Types 


STATIC ELECTRICAL CHARACTERISTICS 






LIMITS AT INDICATED TEMPERATURES (°C) 

TT 

N 

1 

T 

CHARAC- 

TERISTIC 

CONDITIONS 

Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at —40, +25, +85 Apply to E Package 


Vn 

V|N 

(V) 

VdD 

(V) 





+25 1 

S 


(V) 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 


Quiescent 

Device 

- 

0,5 

5 

5 

5 

150 

150 

- 

0.04 

5 


- 

0,10 

10 

10 

10 

300 

300 

- 

0.04 

10 

pA 

Current, 

■ dd 

- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 

- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 


Output Low 
(Sink) Current 

0.4 

0.5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 


0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 


IqL Min. 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 


Output High 
(Source) 

4.6 

0.5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

mA 

2.5 

0.5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 



Current, 

'oh 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 


13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 


Output Voltage: 
Low-Level, 

- 

0.5 

5 

0.05 

- 

0 

0.05 


- 

0,10 

10 

0.05 

- 

0 

0.05 


Vql 

- 

0,15 

15 

0.05 

- 

0 

0.05 

V 

Output 

- 

0.5 

5 

4.95 

4.95 

5 

- 


Voltage: 
High-Level, 
Vqi^ Min. 

- 

0,10 

10 

9.95 

9.95 

10 

- 


- 

0,15 

15 

14.95 

14.95 

15 

- 


Input Low 
Voltage 

0.5,4. 5 

- 

5 

1.5 


- 

1.5 


1.9 

- 

10 

3 

- 

- 

3 


VjL Max. 

1.5,13.5 

- 

15 

4 

- 

- 

4 

V 

Input High 
Voltage, 

V| |_| Min. 

0.5,4. 5 

- 

5 

3.5 

3.5 

- 

- 


1,9 

- 

10 

7 

7 

- 

- 


1.5,13.5 

- 

15 

11 

11 

- 

- 


Input Current 
l|N Max. 

- 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10“5 

±0.1 

aA 

3-State 

Output 

Leakage 

Current 

'OUT'^a><- 

0,18 

0,18 

18 

±0.4 

±0.4 

±12 

±12 

- 

±10-4 

±0.4 

/iA 



0 5 lO I5 

DRAIN-TO-SOURCE VOLTAGE (Vos)- V 


Fig. 4— Typical n-channel output low (sink) 
current characteristics. 



Fig. 5— Minimum n-channel output low (sink) 
current characteristics. 


DRAIN-TO-SOURCE VOLTAGE (Vds)—V 



Fig. 6— Typical p-channel output high (source) 
current characteristics. 


DRAIN-TO-SOURCE VOLTAGE (Vds)— V 



Fig. 7 — Minimum p-channel output high 
(source) current characteristics. 



92CS -32761 

Fig. 8 — Typical propagation delay time as a 
function of load capacitance. 
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LOAD CAPACITANCE (Cl)— pF 

Fig. 9 — Typical transition time a a function 
of load capacitance. 
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CD4517B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at =25-‘C; Input tf, tf = 20ns, 
Cl = 50 pF, Bl = 200 kQ 


CHARACTERISTIC 

TEST 

CONDITIONS 

VddOO 

LIMITS 


UNITS 

Min. 

Typ. 

Max. 

Propagation Delay Time: 

CL to Bit 16 Tap 
•PHL. *PLH 


5 

10 

15 

: 

200 

110 

90 

400 

220 

180 

ns 

3'State Output, WE to Bit 

16 Tap tpHZ, fpLZitpZH* 
tpzL (See Note) 


5 

10 

15 

- 

75 

40 

30 

150 

80 

60 

ns 

Output Transition Time 
*THL. ‘TLH 


5 

10 

15 

- 

100 

50 

40 

200 

100 

80 

ns 

Write Enable-to-Clock 

Setup Time 


5 

10 

15 

0 

0 

0 

-50 

-25 

-15 


ns 

Data-to-Clock 

Setup Time, tg 


5 

10 

15 

20 

10 

10 

0 

0 

0 

E 

ns 

Minimum Write 

Enable-to-Clock 

Release Time 


5 

10 

15 

- 

50 

25 

20 

100 

50 

40 

ns 

Minimum 

Data-to-Clock 

Hold Time, tn 


5 

10 

15 

- 

100 

50 

25 

200 

100 

50 

ns 

Minimum Clock Pulse 

Width, 


5 

10 

15 

= 

90 

40 

25 

180 

80 

50 

ns 

Maximum Clock Input 
Frequency, fQ^ 


5 

10 

15 

3 

6 

8 

6 

12 

15 

- 

MHz 

Maximum Clock Input Rise 
or Fall Time, tfQL t^CL 


5 

10 

15 

UNLIMITED 

pS 

Input Capacitance Cj^ 

Any Input 

- 

1 5 

7.5 

pF 


NOTE: Measured at the point of 10% change in output with an output load of 50 pF, RL = 1 kQ to 
Vqd for tp 2 i_, tpL 2 and Rl = 1 kQ to V 5 S for tp 2 H. fpHZ- 



Fig. 10— Typical power dissipation as a 
function of frequency. 



REPETITIVE WAVEFORM 



92CS- 32766 

Fig. 11— Dynamic power dissipation test 
circuit and waveforms. 




MD* 

Vss 


“T 

Vss 


NOTE: 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH Vqq and Vss- 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
VodORVss- 


92CS-27402 


Fig. 1 2— Quiescent-device-current test circuit. 


Fig. 13 — Input-voltage test circuit. 


Fig. 14— Input current test circuit. 
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CD4517B Types 


0 lO 20 30 *40 50 60 70 60 90 lOO llO I20 130 I40 I43 



Dimonsions snd psd Isyout for CD451 7B. 7 /je photographs and dimensions of each CMOS chip 

represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
Dimensions in parentheses are in miiiimeters cleavage may vary with respect to the chip face for 

and are derived from the basic inch dimen- different chips. The actual dimensions of the isolated 

sions as indicated. Grid graduations are in chip, therefore, may differ slightly from the nominal 

milo rin'3 inr'h) dimensions shown. The user should consider a tolerance 

mils [lu mcnj. applicable to the nominal 

dimensions shown. 
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CD4518B, CD4520B Types 

CMOS Dual Up-Counters 


High-Voltage Types (20-Volt Rating) 

CD4518B Dual BCD Up-Counter 
CD4520B Dual Binary Up-Counter 


The RCA-CD4518 Dual BCD Up-Counter 
and CD4520 Dual Binary Up-Counter each 
consist of two identical, internally synchro- 
nous 4-stage counters. The counter stages are 
D-type flip-flops having interchangeable 
CLOCK and ENABLE lines for incrementing 
on either the positive-going or negative-going 
transition. For single-unit operation the 
ENABLE input is maintained high and the 
counter advances on each positive-going 
transition of the CLOCK. The counters are 
cleared by high levels on their RESET lines. 

The counter can be cascaded in the ripple 
mode by connecting 04 to the enable input 
of the subsequent counter while the CLOCK 
input of the latter is held low. 

The CD451 8B and CD4520B types are sup- 
plied in 16-lead hermetic dual-in-line cer- 
amic packages (D and F suffixes), 16-lead 
dual-in-line plastic packages (E suffix), 16- 
lead ceramic flat packages (K suffix), and in 
chip form (H suffix). 


Features: 

■ Medium-speed operation — 

6-MHz typical clock frequency at 10 V 

■ Positive- or negative-edge triggering 

■ Synchronous internal carry propagation 

■ 1 00% tested for quiescent current at 20 V 

■ Maximum input current of 1 juA at 18 V 
over full package-temperature range; 

100 nAat 18 V and 25°C 

■ Noise marginfover full package-temperature 
range); 1 V at Vqq = 5 V 

2 Vat Vqd = 10 V 
2.5 Vat Vqp = 15 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Standardized, symmetrical output 
characteristics 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 



CD4518B, CD4520B 
FUNCTIONAL DIAGRAM 


Applications: 

■ Multistage synchronous counting 

■ Multistage ripple counting 

■ Frequency dividers 

TRUTH TABLE 


MAXIMUM RATINGS, A/jso/ufe-Afax/mt/m Values: 

DC SUPPLY-VOLTAGE RANGE, (Vqq) 

(Voltages referenced to Vss Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to Vqd +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq): 

For Ta = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For Ta= - 55 to +100°C (PACKAGE TYPES D.F.K) 500 mW 

For Ta= + 100 to +1 25° C (PACKAGE TYPES D, F, K) • • • Derate Linearly at 12 mW/^C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) . . 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H 

PACKAGE TYPE E 

STORAGE TEMPERATURE RANGE (Tgtg) -65 to +150OC 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 ± 1 /32 inch ( 1 .59 ± 0.79 mm) from case for 10s max +265°C 


CLOCK 

ENABLE 

RESET 

ACTION 

J- 

1 

0 

Increment Counter 

0 


0 

Increment Counter 


X 

0 

No Change 

X 

-r 

0 

No Change 

-r 

0 

0 

No Change 

1 

”V_ 

0 

No Change 

X 

X 

1 

01 thru Q4 = 0 


X “ Don't Care 


1 = High State 


0 = Low State 


lOOmW 


-55 to+1250C 
-40 to + 85 OC 


CLOCK A — 10 
ENABLE A — 2 
QIA— 3 
Q2A— 4 
Q3A— 5 
Q4A— 6 
RESET A — 7 

Vss— ll_ 


IB^Vdd 


15 


13 


— RESET B 
— Q4B 
— Q3B 
12 — Q2B 
— QIB 

ENABLE B 
CLOCK B 


(TOP VIEW) 

92CS-245I5 

CD4518B. CD4520B 
TERMINAL ASSIGNMENT 


DRAIN- TO- SOURCE VOLTAGE (Vnsl—V 



Fig. 1 — Typical output low {sink) current 
characteristics. 


Fig. 2 — Minimum output low (sink) current 
characteristics. 


Fig. 3 — Typical output high (source) current 
characteristics. 
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CD4518B, CD4520B Types 




piSiiiiiiiliSS. 


load capacitance (Cl»-PF 

*2CS24}2t 

Typical transition time vs. toad 
capacitance. 


. AMBIENT TEMPERATURE (TaI • Z9*C 
I load capacitance (C(,)*90pF 

i-flllHlt 


ilili 


liffi 




5 iff II H i: : 


SUPPLY VOLTAGE IV|x>)— V 

«K«-2«SO 

Fig. 8 — Typical maximum-clock- frequency 
vs. supply voltage. 



FREQUENCY (f) — kHi 

Fig. 9 — Typical power dissipation 
characteristics. 
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CD4518B, CD4520B Types 


RECOMMENDED OPERATING CONDITIONS at T^ = 25°C. Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

^DD 

LIMITS 

UNITS 


(V) 

Min. 

Max. 


Supply-Voltage Range (For T^=Full Package- 


3 

18 

V 

Temperature Range) 





5 

400 

- 


Enable Pulse Width, tyy 

10 

200 

- 

ns 

15 

140 

- 



5 

200 

- 


Clock Pulse Width, tyy 

10 

100 

- 

ns 

15 

70 

- 



5 


1.5 


Clock Input Frequency, f^L 

10 

dc 

3 

MHz 


15 


4 



5 


15 


Clock Rise or Fall Time. tpCL or tfCL: 

10 

15 

_ 

5 

5 

ps 


5 

250 

- 


Reset Pulse Width, tyy 

10 

110 

- 

ns 

15 

80 

- 



DYNAMIC ELECTRICAL CHARACTERISTICS at Ta- 250C; 
Input tf,tf*20 ns, C|_»50 pF, Rl* 2(K) Kfi 


CHARACTERISTIC 

/ 

TEST CONDITIONS 

LIMITS 

UNITS 


O 

Q > 
> 

Min. 

Typ. 

Max. 

Propagation Delay Time, tp^L, tpL^: 


5 

- 

280 

560 


Clock or Enable to Output 


10 

15 

- 

115 

80 

230 

160 




5 

_ 

330 

650 

ns 

Reset to Output 


10 

- 

130 

225 




15 

~ 

90 

170 




5 

- 

100 

200 


Transition Time, tjpn_, 


10 

- 

50 

100 

ns 



15 

- 

40 

80 




5 

1.5 

3 

- 


Maximum Clock Input Frequency,' 


10 

3 

6 

- 

MHz 



15 

4 

8 

- 




5 


100 

200 


Minimum Clock Pulse Width, tyy 


10 


50 

100 

ns 



15 


35 

70 


Clock Rise or Fall Time, tr or tf: 


5 

10, 15 

- 

- 

15 

5 

jUS 



5 

- 

125 

250 


Minimum Reset Pulse Width, tyy 


10 


55 

110 

ns 



15 

- 

40 

80 




5 

- 

200 

400 


Minimum Enable Pulse Width, tyy 


10 


100 

200 

ns 



15 


70 

140 


Input Capacitance, C|(vj 

Any Input 

1 


5 

7.5 

pF 


TEST CIRCUITS 

VoD 



Fig. 10 — Dynamic power dissipation. 



NOTE. 

TEST ANY COMBINATION 
OF INPUTS 

92CS-2744IRI 


Fig. 11 — Input voltage. 


^00 



Fig. 12— Quiescent device current test circuit. 


MD* 

Vss 


Vss 


NOTE: 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH Vot) AMD Vss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vdo O'’ Vss 


92CS-2M02 

Fig. 13 — Input leakage-current test 
circuit. 
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CD4518B, CD4520B Types 


CLOCK 



92CM-240IIRI 


Fig. 17 — Ripple cascading of four counters with positive edge triggering. 



92CM-245l2fll 

*NOTE ; 

FOR SYNCHRONOUS CASCADING.THE CLOCK TRANSITION 
TIME SHOULD BE MADE LESS THAN OR EQUAL TO THE 
SUM OF THE FIXED PROPAGATION DELAY AT l5pF AND 
THE TRANSITION TIME OF THE OUTPUT DRIVER STAGE 
FOR THE ESTIMATED CAPACITATIVE LOAD- 


Fig. 18 — Synchronous cascading of four binary counters with negative edge triggering. 



Dimensions and pad layout for CD4518BH chip. 


Dimensions and pad layout for CD4520BH chip. 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10~^ inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should considers tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 




CD4527B Types 


CMOS BCD Rate 
Multiplier 

High-Voltage Types (20-Volt Rating) 


The RCA-CD4527B is a low-power 4-bit digi- 
tal rate multiplier that provides an output- 
pulse rate which is the clock-input-pulse rate 
multiplied by 1/10 times the BCD input. For 
example, when the BCD input is 8, there will 
be 8 output pulses for every 10 input pulses. 
This device may be used to perform arith- 
metic operations (add, subtract, divide, raise 
to a power), solve algebraic and differential 
equations, generate natural logarithms and 
trigonometric functions, A/D and D/A con- 
version, and frequency division. 

For fractional multipliers with more than one 
digit, CD4527B devices may be cascaded in 
two different modes: the Add mode and the 
Multiply mode. (See Figs.12and 15). In the 
Add mode. 


Output Rate 
(Clock Rate) 


fo.l BCDi -^0.01 BCD2 + 

1_ 0.001 BCD3+ • • • . _ 


In the Multiply mode, the fraction program- 
med into the first rate multiplier is multiplied 
by the fraction programmed into the second 
one, 

9 4 36 

e.g. — X — = or 36 output 

10 10 100 

pulses for every 100 clock input pulses. 


The CD4527B types are supplied in 16-lead 
ceramic dual-in-line packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
ages (E suffix), 16-lead ceramic flat pack- 
ages (K suffix), and in chip form (H suffix). 


Applications: 

■ Numerical control 

■ Instrumentation 

■ Digital filtering 

■ Frequency synthesis 


SET TO "9" — 
OUT 
OUT — I 
INHIBIT OUT — 
(CARRY) 

VSS 



3 I — CLEAR 

CASCADE 

I INHIBIT IN 

(CARRY) 
STROBE 
CLOCK 


TOP VIEW 


92CS -24914 


TERMINAL ASSIGNMENT 


Features: 

■ Oescadable in multiples of 4-bits 

■ Set to "9" input and “9" detect output 

■ 100% test for quiescent current at 20 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Standardized, symmetrical output 
characteristics 

■ Maximum input current of 1 juA at 18 V over 
full package-terrrperature range; 100 nA at 
18Vand250C 

■ Noise margin (full package-temperature 

range) = 

1 V at Vdd = 5 V 

2VatVDD = 10V 

2.5 Vat Vdd = 15 V 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13 A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 



MAXIMUM Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE. (Vqd) 

(Voltages referenced to Vss Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0-5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq): 

For Ta = -40 to +60°C (PACKAGE TYPE E) . 500 mW 

For Ta = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 1 2 mW/OC to 200 mW 

For Ta= -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

For Ta= - 1-100 to +125® C (PACKAGE TYPES D, F, K) . . Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = full PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAG E TYPES D, F, K, H -55 to + 1 25^0 

PACKAGE TYPE E -40 to +850C 

STORAGE TEMPERATURE RANGE (Tjtg) -65 to +150OC 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 


( 



RECOMMENDED OPERATING CONDITIONS AT Ta = 250C, Except as Noted. 

For maximum reliability, nominal operating conditions should be selected so that operation is 
always within the following ranges: 


CHARACTERISTIC 

Vdd 

LIMITS 

UNITS 

(V) 

Min. 

Max. 

Supply-Voltage Range (For Ta = Full Package- 


3 

18 

V 

Temperature Range) 




5 

160 

- 


Set or Clear Pulse Width, tw 

10 

90 

- 

ns 


15 

60 

- 



5 

330 

- 


Clock Pulse Width, t\/y 

10 

170 

- 

ns 


15 

100 

- 



5 


1.2 


Clock Frequency, fci_ 

10 

dc 

2.5 

MHz 


15 


3.5 


Clock Rise or Fall Time, t|.Qj_ or tfCL 

5,10,15 

- 

15 

JUS 


5 

100 

- 


Inhibit In Setup Time, tsu 

10 

40 

- 

ns 


15 

20 




5 

240 



Inhibit In Removal Time, tpEM 

10 

130 

- 

ns 


15 

110 




5 

150 



Set Removal Time, tp^iy) 

10 

80 

- 

ns 


15 

50 

- 



5 

60 

- 


Clear Removal Time, tRE|\/| 

10 

40 

- 

ns 

15 

30 

- 
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CD4527B Types 

STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 


CONDITIONS 


V|N Vdd 




LIMITS AT INDICATED TEMPERATURES (^C) 
Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at -40, +25, +85 Apply to E Package 
I +25 


0.08 




AMBIENT TEMPERATURE (Ta)*25*C4 


4GATE-TO-SOURCE VOLTAGE (Vgs)*I5 V 


liilislllililir 






Typical output low (sink) 
current characteristics. 


Ei 


!»::! 


iiiiir" 


DRAIN-TO-SOURCE VOLTAGE (Vos)— V 


V|H Min. 


Input Current 


Fig.2 — Minimum output low (sink) 
curren t characteristics. 
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CD4527B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25'>C: 
Input = 20 ns. Cl = 50 pF, Rl = 200 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 


Vdd 

(V) 

Min. 

Typ. 

Max. 



5 

_ 

110 

220 


Propagation Delay Time, tpHL. tPLH 


10 


55 

110 


Clock to Out 









1 5 

- 

45 

90 

ns 








5 

- 

150 

300 


Clock or Strobe to Out 


10 

- 

75 

150 




15 

- 

60 

120 


Clock to Inhibit Out 


5 

- 

320 

640 


High Level to Low Level 


10 

- 

145 

290 




15 

- 

100 

200 











5 

— 

250 

500 


Low Level to High Level 


10 

- 

100 

200 




15 

- 

75 

150 




5 

- 

380 

760 


Clear to Out 


10 

- 

175 

350 




15 

- 

130 

260 




5 

- 

300 

600 

ns 

Clock to "9” or ''15'' Out 


10 

- 

125 

250 




15 

- 

90 

180 




5 

- 

90 

180 


Cascade to Out 


10 

- 

45 

90 




15 

- 

35 

70 

ns 



5 

- 

130 

260 


Inhibit In to Inhibit Out 


10 

- 

60 

120 




15 

- 

45 

90 




5 

- 

330 

660 


Set to Out 


10 

- 

150 

300 




15 

- 

110 

220 










5 

— 

100 

200 


Transition Time, t-p^L' ^TLH 


10 

- 

50 

100 




15 

- 

40 

80 




5 

1.2 

2.4 

- 


Maximum Clock Frequency, fQL 


10 

2.5 

5 

- 

MHz 



15 

3.5 

7 

- 




5 

- 

165 

330 


Minimum Clock Pulse Width, tyy 


10 

- 

85 

170 

ns 



15 

- 

50 

100 




5 

- 

_ 

15 


Clock Rise or Fall Time, trP.i . tfp.i 


10 

- 

- 

15 

ps 



15 

- 

- 

15 




5 

- 

80 

160 


Minimum Set or Clear Pulse Width, tyy 


10 

- 

45 

90 




15 

- 

30 

60 




5 

- 

50 

100 


Minimum Inhibit In Setup Time, tgy 


10 

- 

20 

40 




15 

- 

10 

20 




5 


120 

240 


Minimum Inhibit In Removal Time, 


10 

_ 

65 

130 


tREM 


15 

- 

55 

110 




5 

- 

75 

150 

ns 

Minimum Set Removal Time, tRE(\/| 


10 

- 

40 

80 




15 

- 

25 

50 




5 

- 

30 

60 


Minimum Clear Removal Time, Tp^iyi 


10 

- 

20 

40 

ns 



15 

- 

15 

30 


Input Capacitance, C|n 

Any Input 


- 

5 

7.5 

pF 




Fig.9 — Input voltage test circuit. 


Vdo 



Fig. 10 — Quiescent device current test circuit. 


Vdd 



92CS-29I57 


Fig. 11 — Dynamic power dissipation test circuit. 


APPLICATIONS 


MOST SIGNIFICANT LEAST SIGNIFICANT 

DIGIT DIGIT 



CLOCK juuuuiiinnnj^^ 

D°R"j0_rumnjiriim^^ 


TIMING DIAGRAM SHOWING ONE OF FOUR OUTPUT / 
PULSES CONTRIBUTED BY DRM ©TO OUTPUT FOR 
EVERY 100 CLOCK PULSES IN FOR PRESET No 94 , 

92CS-249I7RI 

Fig. 12 — Two CD4527B's cascaded in the "Add" 
mode with a preset number 

_ / 5 4 94 \ 

° Td^ldd~ WO )' 
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CD4527B Types 



Fig. 13 — Logic diagram. 
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u — LT 
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B ENABLED [] 

_n n 

C ENABLED fl fl fl FI 

“ nnnn nnnn nnnn 

INH. OUT 

u 

0UPUT(PIN6) n 
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(PRESET No. OF 2) 

n 1 n 

(PRESET No. OF 3) 

_nj njL 


^ n n n n n n 

,p«ESET» 0-5. n nn n ri n n 

iP»ESE,».orE, nnn nnn nnn 

.P.ESET N. or r, nnnn nnn nnnn 

(PRESET «. OP a. JinjlJLJlJUULJUlfl^ 

juuuuuuiniLJiJifir^ 

I 

I 92CM-?49I5 

Fig. 14 — Timing diagram (See Logic Diagram). 



Dimensions and Pad Layout for CD4527BH 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~^ inch). 


The photographs and dimensions ol each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individuai chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +76 mils applicable to the nominal 
dimensions shown. 


Fig. 15 — Two CD4527B's cascaded in the 

"Multiply" mode with a preset number 


of 36 



4 

lb 


36 

Too 


) 
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CD4527B Types 


TRUTH TABLE 


INPUTS 

OUTPUTS 




Number of Pulses or 




Number of Pulses or 




Input Logic Level 




Output Logic Level 





(0 = Low; 1 = 

High; X 

= Don't Care) 


(L 

= Low; H = High) 

D 

c 

B 

A 

CLK 

INH 

STR 

CAS 

CLR 

SET 

OUT 

OUT 

INH 







IN 



# 

# 



OUT 

O 

c 

H 

0 

0 

0 

0 

10 

0 

0 

0 

0 

0 

L 

H 

1 

1 

0 

0 

0 

1 

10 

0 

0 

0 

0 

0 

1 

1 

1 

1 

0 

0 

1 

0 

10 

0 

0 

0 

0 

0 

2 

2 

1 

1 

0 

0 

1 

1 

10 

0 

0 

0 

0 

0 

3 

3 

1 

1 

0 

1 

0 

0 

10 

0 

0 

0 

0 

0 

4 

4 

1 

1 

0 

1 

0 

1 

10 

0 

0 

0 

0 

0 

5 

5 

1 

1 

0 

1 

1 

0 

10 

0 

0 

0 

0 

0 

6 

6 

1 

1 

0 

1 

1 

1 

10 

0 

0 

0 

0 

0 

7 

7 

1 

1 

1 

0 

0 

0 

10 

0 

0 

0 

0 

0 

8 

8 

1 

1 

1 

0 

0 

1 

10 

0 

0 

0 

0 

0 

9 

9 

1 

1 

1 

0 

1 

0 

10 

0 

0 

0 

0 

0 

8 

8 

1 

1 

1 

0 

1 

1 

10 

0 

0 

0 

0 

0 

9 

9 

1 

1 

~T 

1 

v 

0 

10 

0 

0 

0 

0 

0 

8 

8 

1 

1 

1 

1 

0 

1 

10 

0 

0 

0 

0 

0 

9 

9 

1 

1 

1 

1 

1 

0 

10 

0 

0 

0 

0 

0 

8 

8 

1 

1 

1 

1 

1 

1 

10 

0 

0 

0 

0 

0 

9 

9 

1 

1 

X 

X 

X 

X 

10 

1 

0 

0 

0 

0 

t 

t 

H 

t 

X 

X 

X 

X 

10 

0 

1 

0 

0 

0 

L 

H 

1 

1 

X 

X 

X 

X 

10 

0 

0 

1 

0 

0 

H 

* 

1 

1 

1 

X 

X 

X 

10 

0 

0 

0 

1 

0 

10 

10 

H 

L 

0 

X 

X 

X 

10 

0 

0 

0 

1 

0 

L 

H 

H 

L 

X 

X 

X 

X 

10 

0 

0 

0 

0 

1 

L 

H 

L 

H 


* Output same as the first 1 6 lines of this truth table (depending on values of A, B, C, D). 
^Depends on internal state of counter. 

#Clear and Set Inputs should not be high at the same time; device draws increased quies- 
cent current when in this non-valid state. 
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CD4532B Types 


CMOS 8-Bit Priority 
Encoder 

High-Voltage Types (20-Volt Rating) 

The RCA-CD4532B consists of combination- 
al logic that encodes the highest priority 
input (D7-D0) to a 3-bit binary code. The 
eight inputs, D7 through DO, each have an 
assigned priority; D7 is the highest priority 
and DO is the lowest. The priority encoder is 
inhibited when the chip-enable input E| is 
low. When E| is high, the binary representa- 
tion of the highest-priority input appears on 
output lines Q2-Q0, and the group select 
line GS is high to indicate that priority inputs 
are present. The enable-out (Eq) is high 
when no priority inputs are present. If any 
one input is high. Eg is low and all cascaded 
lower-order stages are disabled. 

The CD4532B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


Features: 

■ Converts from 1 of 8 to binary 

■ Provides cascading feature to handle any number of inputs 

■ Group select indicates one or more priority inputs 

■ Standardized, symmetrical output characteristics 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 juA at 18 V 
over full package temperature range; 


100 nAat18 Vand 25°C 

■ Noise margin (full package-temperature 
range): 

1 V at Vqd = 5 V 

2 V at Vdd = 10 V 
2.5 Vat Vdd= '15 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 

■ Priority encoder 

■ Binary or BCD encoder (keyboard encoding) 

■ Floating point arithmetic 


FUNCTIONAL DIAGRAM 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating condi- 
tions should be selected so that operation is always 
within the following ranges. 


Characteristic 

Min. 

Max. 

Units 

Supply Voltage 
Range (for Ty^= 

Full Package 
Temp. Range) 

3 

18 

V 



MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, {Vqq) 

(Voltages referenced to Vss Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pd): 

For Ta = -40 to +60®C (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For Ta= - 55 to +100°C (PACKAGE TYPES D.F.K) 500 mW 

For Ta= +100 to +125“C (PACKAGE TYPES D, F, K) • • • Derate Linearly at 12 mW/^C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = PULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H -55 to +1 25^0 

PACKAGE TYPE E -40 to +850C 

STORAGE TEMPERATURE RANGE (Tstg) -eSto+ISO^C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 ± 1 /32 inch ( 1 .59 ± 0.79 mm) from case for 1 0 s max +265°C 



TERMINAL ASSIGNMENT 




Fig. 1 — Typical output low (sink) current Fig. 2 — Minimum output low (sink) current 

characteristics. characteristics. 


ORAIN-TO-SOURCE VOLTAGE (Vds)—V 



Fig. 3 — Typical output high (source) current 
characteristics. 
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STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (^C) 
Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at —40, +25, +85 Apply to E Package 

UNITS 

Vo 

(V) 

V|N 

(V) 

VdD 

(V) 


+25 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 

Quiescent Device 
Current, 

IDD Max. 

- 

0,5 

5 

5 

5 

150 

150 

- 

0.04 

5 

pA 

- 

0,10 

10 

10 

10 

300 

300 

- 

0.04 

10 

- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 

- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

Output Low 
(Sink) Current 
IqL Min. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 

Output High 
(Source) 

Current, 
lOH Min. 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Voltage: 
Low-Level, 

Vql Max. 

- 

0,5 

5 

0.05 

- 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output Voltage: 
High-Level, 

Vqh Min. 

- 

0.5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage, 

V|L Max. 

0.5, 4.5 

- 

5 

1.5 

— 

- 

1.5 

V 

1,9 

- 

10 

3 

- 

- 

3 

1.5,13.5 

- 

15 

4 

- 

- 

4 

Input High 
Voltage, 

V|H Min, 

0.5, 4.5 

- 

5 

3.5 

3.5 

- 

— 

1,9 

- 

10 

7 

7 

— 

_ 

1.5,13.5 

- 

15 

11 

11 

- 

- 

Input Current 
l||M Max. 


0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10-5 

±0.1 

1 ma 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta=250C; Cl= 50 pF, 
Input tptf= 20 ns, Rl=200 KH 


CHARACTERISTIC 

TEST CONDITIONS 
Vdd 

VOLTS 

LIMITS 

ALL TYPES 

UNITS 

TYP. 

MAX. 

Propagation Delay Time tpL|_| 

E| to Eq, E| to GS 

5 

110 

220 


10 

55 

110 

15 



E| to Qm, Dn to GS 

5 

170 


10 

85 

170 

15 

65 

125 

Dn to Qm 

5 

220 

440 

10 

110 

220 

15 

85 

160 

Transition Time tj|_|L, Ijlh 

5 

100 

200 

ns 

10 

50 

100 

15 

40 

80 

Input Capacitance C|[\j 

Any Input 

5 

7.5 

pF 


DRAIN-TO-SOURCE VOLTAGE (Vosl-V 



Fig. 4 — Minimum output high (source) current 
characteristics. 



Fig. 5 — Typical propagation delay (Dn to Qm) 
vs. supply voltage. 




Fig. 6 — Typical propagation delay (Ej to GS, Ej to Eq) 
vs. load capacitance. 



Fig. 7 — Typical propagation delay (Dn to Qm) 
vs. load capacitance. 
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Fig. 14 — Input current test circuit. 



Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10~^ inch). 

The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to 4-T6 mifs applicable to the nominal 
dimensions shown. 

Dimensions and pad layout for CD4532BH. 


APPLICATIONS 



Fig. 15 — 16-level priority encoder. 



92CS-26370RI 


TRUTH TABLE 



Fig. 16 — O-to-9 keyboard encoder. 









CD4536B Types 

CMOS Programmable Timer 


High-Voltage Types (20-Volt Rating) 


The RCA-CD4536B is a programmable timer 
consisting of 24 ripple-binary counter stages. 
The salient feature of this device is its 
flexibility. The device can count from 1 to 
2^“^ or the first 8 stages can be bypassed to 
allow an output, selectable by a 4-bit code, 
from any one of the remaining 16 stages. It 
can be driven by an external clock or an RC 
oscillator that can be constructed using on- 
chip components. Input INI serves as either 
the external clock input or the input to the 
on-chip RC oscillator. OUT1 and OUT2 are 
connection terminals for the external RC 
components. In addition, an on-chip mono- 
stable circuit is provided to allow a vari- 
able pulse width output. Various timing 
functions can be achieved using combi- 
nations of these capabilities. 

A logic 1 on the 8-BYPASS input enables a 
bypass of the first 8 stages and makes stage 9 
the first counter stage of the last 16 stages. 
Selection of 1 of 16 outputs is accomplished 
by the decoder and the BCD inputs A, B, C 
and D. MONO IN is the timing input for the 
on-chip monostable oscillator. Grounding of 
the MONO IN terminal through a resistor of 
10K ohms or Higher, disables the one-shot 
circuit and connects the decoder directly to 
the DECODE OUT terminal. A resistor to 
Vqq and a capacitor to ground from the 
MONO IN terminal enables the one-shot cir- 
cuit and controls its pulse width. 


A fast test mode is enabled by a logic 1 on 
8-BYPASS, SET, and RESET. This mode 


Features: 


■ 24 flip-flop stages — counts from 2° to 2^^ 

■ Last 16 stages selectable by BCD select code 

■ Bypass input allows bypassing first 8 stages 

> On-chip RC oscillator provision 

■ Clock inhibit input 

■ Schmitt-trigger in clock line permits operation 
long rise and fall times 

* On-chip monostable output provision 

» Typical f^L = 3 MHz at VpQ = 10 V 

* Test mode allows fast test sequence 

■ Set and reset inputs 

■ Capable of driving two low power TTL 
loads, one lower-power Schottky load, or 
two HTL loads over the rated temperature 
range 

■ Standardized, symmetrical output charac- 
teristics 

■ 100% tested for quiescent current at 20 V 

■ 5-V, 10-V, and 15-V parametric ratings 

* Meets all requirements pf JEDEC Tentative 
Standard No. 13A, "Standard Specifi- 
cations for Description of 'B' Series 
CMOS Devices" 


with very 


divides the 24-stage counter into three 8-stage 
sections to facilitate a fast test sequence. 

The CD4536B types are supplied in 16-lead 
hermetic. dual-in-line ceramic packages (D 
and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


MAXIMUM Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V^^) 

(Voltages referenced to Vss Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pp): 

For Ta = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/^C to 200 mW 

For Ta = -55 to +100° C (PACKAGE TYPES D, F, K) 500 mW 

For T^ = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = full PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H -55 to +125° C 

PACKAGE TYPE E -40 to +85° C 

STORAGE TEMPERATURE RANGE (Tstg) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 ± 1 /32 inch ( 1 .59 ± 0.79 mm) from case for 1 0 s max +265°C 



RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating 
conditions should be selected so that operation 
is always within the following ranges: 


CHARACTERISTIC 


Supply-Voltage Range 
(For Ta=FuII 
Package Temperature 
Range) 


1 LIMITS 1 

Min. 

Max. 

3 

18 


DECODE OUT SELECTION TABLE 






NUMBER OF STAGES IN 

D 

c 

B 

A 

DIVIDER CHAIN 





8-BYPASS = 0 

8-BYPASS = 1 

0 

0 

0 

0 

9 

1 

0 

0 

0 

1 

10 

2 

0 

0 

1 

0 

11 

3 

0 

0 

1 

1 

12 

4 

0 

1 

0 

0 

13 

5 

0 

1 

0 

1 

14 

6 

0 

1 

1 

0 

15 

7 


1 



16 

8 

1 

0 

0 

0 

17 

9 

1 

0 

0 

1 

18 

10 

1 

0 

1 

0 

19 

11 

1 

0 

1 

1 

20 

12 

1 

1 

0 

0 

21 

13 

1 

1 

0 

1 

22 

14 

1 

1 

1 

0 

23 

15 

1 

1 

1 

1 

24 

16 


0 = Low Level 1 = High Level 
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CD4536B Types 



Fig.6 - Logic diagram for CD4536B [continued on next page]. 
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Fig.6 - Logic diagram for CD4536B [continued from previous page]. 













CD4536B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS, at =2S°C, Input tf, tf = 20 ns, 
Ci = 50pF, Ri= 200kQ 


CHARACTERISTIC 

Vdd 

LIMITS 

UNITS 

(V) 

Min. 

Typ. 

Max. 

Propagation Delay Times: 

5 

— 

1 

2 


Clock to Q1, 8-Bypass High 

10 

— ■ 

0.5 

1 

/iS 

•PHL. ‘PLH 

15 

— 

0.35 

0.7 


Clock to Q1, 8-Bypass Low 

5 

— 

2.5 

5 


’PHL. <PLH 

10 

— 

0.8 

1.6 

ps 


15 

— 

0.6 

1.2 


Clock to Q16, ^PHL ^PLH 

5 

— 

4 

8 



10 

-- 

1.5 

3 

pS 


15 

— 

1 

2 


Qn‘oQn + 1. 1PHL.*PLH 

5 

— 

150 

300 



10 

— 

75 

150 

ns 


15 

— 

50 

100 


to Qn, tpLH 

5 

— 

300 

600 



10 

— 

125 

250 

ns 


15 

— 

80 

160 


Reset to Qn, tp^L 

5 

— 

3 

6 



10 

— 

1 

2 

pS 


15 

— 

0.75 

1.5 


Transition Time, ^THb *TLH 

5 

— 

100 

200 



10 

— 


100 

ns 


15 

— 

B 

80 


Minimum Pulse Widths: 

5 

B 

200 



Clock 

10 

H 

75 


ns 


15 

H 

50 

mSm 


Set 

5 

— 

200 

400 



10 


100 

200 



15 

— 

60 

120 


Reset 

5 

— 

3 

6 



10 

— 

1 

2 

pS 


15 1 

— 

0.75 

1.5 


Minimum Set Recovery Time, 

5 

— 

2.5 

5 



10 

— 

1 

2 

ps 


15 

— 

0.6 

1.6 


Minimum Reset Recovery Time, 

5 

— 

3.5 

7 



10 

— 

1.5 

3 

p$ 


15 

— 

1 

2 


Maximum Clock Pulse Input 

5 

0.5 

1 

— 


Frequency, fQL 

10 

1.5 

3 

— 

MHz 


15 

2.5 

5 

— 


Maximum Clock Pulse Input 

5,10,15 





Rise or Fail Time, t,^, tf 


Unlimited 

ps 


SET — 

RESET 1 

IN I 
OUT I 
OUT 2 

8 -BYPASS — I 
CLOCK INHIBIT 

Vss 


— Voo 
—MONO IN 

— OSC INHIBIT 

— DECODE OUT 

-“1 

— C I BINARY 
__ B / SELECT 


Terminal Assignment 



Fig. 7— Typical propagation delay time as a function 
of load capacitance (CLOCK to Qj, 
8-BYPASS high). 



Fig. 8— Typical propagation delay time as a function 
of load capacitance (CLOCK to Qp 
8-BYPASS low). 
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Fig. 9— Typical propagation deiay time as a 
function of load capacitance (CLOCK 
to QfQ, 8-BYPASS high). 
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Fig. 10— Typical propagation delay time as a 
function of load capacitance (Qf^ to 

Q/V + 1 )- 



Fig. 13— Typical RC oscillator frequency devia- 
tion as a function of ambient temper- 
ature (R^ = 0). 



external capacitance (Vqq = io V). 



external capacitance (Vqq = 15 V). 



Fig. 11— Typical RC oscillator frequency de- 
viation as a function of supply 
voltage. 



Fig. 14— Typical RC oscillator frequency devia- 
tion as a function of ambient 
temperature (R^ = 120 kQ). 


FUNCTIONAL TEST SEQUENCE 

Test Function (Figure 23) has been In- 
cluded for the reduction of test time re- 
quired to exercise all 24 counter stages. 
This test function divides the counter into 
three 8-stage sections and 255 counts are 



I 10 10^ 10® Id* 

EXTERNAL RESISTANCE (R,c)-I<fl 9205-32773 

Fig. 12— Typical RC oscillator frequency devia- 
tion as a function of time constant 
resistance and capacitance. 



EXTERNAL CAPACITANCE (Cx)-pF 92CS-32776 


Fig. 15— Typical pulse width as a function of 
external capacitance (Vq[) - 5 V). 


loaded in each of the 8-stage sections in 
parallel. All flip-flops are now at a “1”. 
The counter is now returned to the normal 
24-steps In series configuration. One 
more pulse is entered into ln-| which will 
cause the counter to ripple from an all “1” 
state to an all “0” state. 


Functional Test Sequence | 

inputs 

Outputs 

Comments 

Ini 

Set 

Reset 

8-Bypass 

Decode Out 
Q1 thru Q24 

All 24 steps are in Reset mode 

1 

0 

1 

1 

0 

1 

1 

1 

1 

0 

Counter is in three 8-stage section in 
parallel mode 

0 

1 

1 

1 

0 

First "1” to "0” transition of clock 

1 

0 

1 

1 

1 


255 “1” to “0" transitions are clocked in 
the counter 

0 

1 

1 

1 

1 

The 255 "1” to “0” transition 

0 

0 

0 

0 

1 

Counter converted back to 24 stages in 
series mode 

Set and Reset must be connected 
together and simultaneously go from “1” 
to “0" 

1 

0 

0 

0 

1 

In-i Switches to a "1” 

0 

0 

0 

0 

0 

Counter Ripples from an all “1” state to 
an all “0” state 
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LOAD CAPACITANCE (Cl)— pF 

Fig. 18— Typical transition time as a function 
of load capacitance. 



Fig. 20— Dynamic power dissipation test cir- 
cuit and waveform. 



19 —Typical dynamic power dissipation as a 
function of input pulse frequency. 




Fig. 22— Input waveforms for switching-time 
test circuit. 



MD* 

Vss 



NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH Vqd ANO Vss' 
CONNECT ALL UNUSED 
INPUTS TO EITHER 

Vdd Of’ ''ss- 

92CS-27402 


Fig. 24— Input-current test circuit. 


TRUTH TABLE 


IN1 

SET 

RESET 

CLOCK 

INH 

OSC 

INH 

0UT1 

0UT2 

DECODE 

OUT 


0 

0 

0 

0 


A. 

No 

Change 


0 

0 

0 

0 


S 

Advance 

to Next 

State 

X 

1 

0 

0 

0 

0 

1 

1 

X 

0 

1 

0 

0 

0 

1 

0 

X 

0 

0 

1 

0 



No 

Change 

0 

0 

0 

0 

X 

0 

1 

No 

Change 

1 

0 

0 

0 

s 

"V 

S 

Advance 

to Next 

State 


0 = Low Level 1 = High Level X = Don't Care 





TEST ANY COMBINATION 
OF INPUTS 


92CS-2744IRI 

Fig. 25— Input-voltage test circuit. 


^dd 



Fig. 26— Quiescent-device current test circuit. 
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APPLICATIONS 



Fig. 27— Time interval configuration using Fig. 28— Time interval configuration using ex- 

external clock; set and clock inhibit ternal clock; reset and output mono- 

functions. stable to achieve a pulse output. 




Fig. 29 — Time interval configuration using on- 
chip RC oscillator and reset input to initiate 
time interval. 



OCBA 

oooor-2) 

000l(-4) 

0010 (^ 8 ) 


IS REQUIRED I FULL-COUNT-DOWN AFTER 
REMOVAL OF RESET PULSE, SEE FIG. 31 FOR 
USE OF CD4098B. 

92CS-32783 

Fig.31 - CD4536B Timing Diagram. 




Fig.30 — Application showing use of 
CD4098B and CD4536B to get 
decode pulse 8 clock pulses 
after Reset pulse. 


Dimensions and pad layout for CD4536BH. 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimen- 
sions as indicated. Grid graduations are in 
mils (10~^ inch). 

The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 



(3.023-3.225) 


92CM-32707 
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CD4538B Types 


CMOS Dual Precision 
Monostable Multivibrator 

High-Voltage Types (20-Volt Rating) 

Features: 

a Retriggerable/ resettable capability 
■ Trigger and reset propagation delays 
independent of Rx, Cx 
a Triggering from leading or trailing edge 
a Q and Q buffered outputs available 
a Separate resets 

a Wide range of output-pulse widths 
a Schmitt trigger input allows unlimited 
rise and fall times on +78 and —TR inputs 


+ 7R 
-TR' 
RESET 


+ TR- 
-TR- 
RESET- 


CXI Rx, 

HK-a/w— 

1 1 zjwxCxd) 


MONd? 


Voo 

Vss*8 


I I I I 

15 14 RxCx(2) 


CX2 ’’XZ 

92CS-Z4253RI 


CD4538B 

Functional Diagram 


The RCA-CD4538B dual precision monostable multivibrator 
provides stable retriggerable/resettable one-shot operation 
for any fixed-voltage timing application. 

An external resistor (Rx) and an external capacitor (Cx) 
control the timing and accuracy for the circuit. Adjustment 
of Rx and Cx pro^des a wide range of output pulse widths 
from the Q and Q terminals. The time delay from trigger 
input to output transition (trigger propagation delay) and 
the time delay from reset input to output transition (reset 
propagation delay) are independent of Rx and Cx. Precision 
control of output pulse widths is achieved through linear 
CMOS techniques. 

Leading-edge-triggering (+TR) and trailing-edge-triggering 
(-TR) inputs are provided for triggering from either edge of 
an input pulse. An unused +TR Input should be tied to Vss. 
An unused -TR input should be tied to Vdd. A RESET (on 
low level) is provided for immediate termination of the 
output pulse or to prevent output pulses when power is 
turned on. An unused RESET input should be tied to Vdd. 
However, if an entire section of the CD4538B is not used, its 
inputs must be tied to either Vdd or Vss. See Table I. 

In normal operation the circuit retriggers (extends the 
output pulse one period) on the application of each new 
trigger pulse. For operation in the non-retriggerable mode, 
Q is connected to -TR when leading-edge triggering (+TR) 
is used or Q is connected to +TR when trailing-edge 
triggering (-TR) is used. The time period (T) for this 
multivibrator can be calculated by: T=RxCx. 

The minimum value of external resistance, Rx, is 4 KO. The 
maximum and minimum values of external capacitance, Cx, 
are 100 pF and 5000 pF, respectively. 

The CD4538B types are supplied in 16-lead hermetic dual- 
in-line ceramic packages (D and F suffixes), 16-lead dual- 
in-line plastic packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H suffix). 

The CD4538B is similar to type MC14538 and is pin-for-pin 
compatible with the CD4098B. 


■ 100% tested for maximum quiescent 
current at 20 V 

■ Maximum input current of 1 pA at 
18 V over full package-temperature 
range; 100 n A at 18 V and 25'^C 

■ Noise margin {full package-temperature 

range): 1 V at Vdd=5 V 

2VatVoD=10V 
2.5 Vat Vdd=15 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Standardized, symmetrical output 
characteristics 

n Meets all requirements of JED EC 
Tentative Standard No. 13B, “Standard 
Specifications for Description of 
‘B’ Series CMOS Devices." 


Applications: 

■ Pulse delay and timing 

■ Pulse shaping 


Cxi — I 
Rx^xO— 2 
RESETCl) — 3 
+TR (I) — 4 
-TR (I) — 5 


h" ''dd 
CX2 

[— RxCx(2) 
-RESET (2) 

- + TR (2) 
--TR (2) 

- 02 
\-QZ 


TERMINALS 1,8,15 ARE 
ELECTRICALLY CONNECTED 
INTERNALLY 

92CS-24e48RI 


Terminal Assignment 
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CD4538B Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vdd) 

(Voltages referenced to Vss Terminal) 

INPUT VOLTAGE RANGE. ALL INPUTS 

DC INPUT CURRENT, ANY ONE INPUT 

POWER DISSIPATION PER PACKAGE (Po): 

For Ta=-40 to +60° C (PACKAGE TYPE E) 

For Ta=+60 to +85° C (PACKAGE TYPE E) 

ForTA=-55 to +100°C (PACKAGE TYPES D,F,K) 

ForTA=+100to +125° C (PACKAGE TYPES D,F,K) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta=FULL package-temperature range (All Package Types) 

OPERATING-TEMPERATURE RANGE (Ta): 

package types D,F,K,H 

PACKAGE TYPE E 

STORAGE TEMPERATURE RANGE (Ts.g) 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) from case for 10 s max. 


-0.5 to +20 V 

-0.5 to Vdd +0.5 V 

±10 mA 

500 mW 

Derate Linearly at 12 mW/°C to 200 mW 

500 mW 

Derate Linearly at 12 mW/°C to 200 mW 

100 mW 

-55 to +1 25° C 

-40 to +85° C 

-65 to +150° C 

+265° C 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected 
so that operating is always within the following ranges: 


CHARACTERISTIC 

Vdd 

(V) 

LIMITS 

UNITS 

Min. 

Max. 

Supply-Voltage Range (ForTA=Full Package-Temperature Range) 

— 

00 

18 

V 

Input Pulse Width twH, twL 

5 

140 

— 


+TR, -TR, or RESET 

10 

80 

— 

ns 


15 

60 

— 



TABLE I 

CD4538B FUNCTIONAL TERMINAL CONNECTIONS 


FUNCTIION 

Vdd to 

TERM. NO. 

Vss TO 

TERM. NO. 

INPUT PULSE 

TO TERM. NO. 

OTHER 

CONNECTIONS 

MONOi 

MONO2 

MONOi 

MONO2 

MONO1 

MONO2 

MONO1 

MONO2 

Leading-Edge Trigger/ 
Retriggerable 

3, 5 

11, 13 



4 

12 



Leading-Edge Trigger/ 
Non-Retriggerable 

3 

13 



4 

12 

5-7 

11-9 

Trailing-Edge Trigger/ 
Retriggerable 

3 

13 

4 

12 

5 

11 



Trailing-Edge Trigger/ 
Non-Retriggerable 

3 

13 



5 

11 

4-6 

12-10 


NOTES: 

1. A RETRIGGERABLE ONE-SHOT MULTIVIBRATOR HAS AN 
OUTPUT PULSE WIDTH WHICH IS EXTENDED ONE FULL 
TIME PERIOD (T) AFTER APPLICATION OF THE LAST 
TRIGGER PULSE. 

2. A NON— RETRIGGERABLE ONE-SHOT MULTIVIBRATOR 
HAS A TIME PERIOD (T) REFERENCED FROM THE APPLI- 
CATION OF THE FIRST TRIGGER PULSE. 


INPUT PULSE TRAIN 


-TUUirL 


RETRIGGERABLE MODE PULSE 
WIDTH (+TR MODE) 

NON-RETRIGGERABLE MODE 
PULSE WIDTH 
(+TR MODE) 


J 




92CS-328I6 
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CD4538B Types 


STATIC ELECTRICAL CHARACTERISTICS 



























































































































CD4538B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS, At Ta=25°C; Input t„t,=20 ns, Cl=50 pF 


CHARACTERISTIC 

TEST CONDITIONS 

Vdd (V) 

LIMITS 

UNITS 

Min. 

Typ. 

Max. 

Transition Time 

tlLH, tjHL 

5 

— 

100 





10 

— 

■■ 





15 

— 

■■ 

80 


Propagation Delay Time: 

tpLH, tpHL 

5 

— 


■■ 


+TR or -TR to Q or Q 


10 

— 


■■ 




15 

— 


220 

ns 

Reset to Q or Q 


5 

■mm 






10 



250 




15 



190 


Minimum Input Pulse Width; 

twH, twL 

5 

— 


140 


+TR, -TR or Reset 


10 

— 


80 




15 

— 


60 


Output Pulse Width - Q or 

T 

5 

57 


64.5 


Cx=0.005 pF, Rx=10Kn* 


10 

55 

58.9 

63.0 

ps 



15 

55 

59.1 

63.5 


Cx=0.1 fjF. Rx=100 Kn 


5 

9.4 

9.97 

10.5 




10 

9.4 

9.95 

10.6 

ms 



15 

9.5 


10.6 


Cx=10/yF, Rx=100 KO 


5 

0.95 


■■ 




10 

0.95 



s 



15 

0.96 


■91 


Pulse Width Match between 

100 (T 1 -T 2 ) 

5 

— 

±1 

— 


circuits in same package: 


10 

— 

±1 

— 

% 

Cx=0.1 pF, Rx=100 KQ 

I 1 

15 

— 

±1 

— 


Minimum Retrigger Time 

trr 

5 

0 

— 

— 




10 

0 


— 

ns 



15 

0 

— 

— 


Input Capacitance 

CiN 

Any Input 


5.0 

7.5 




*Note: Minimum Rx value=4 KQ, minimum Cx value=5000 pF. 



Fig. 2 - Typical output low (sink) current characteristics. 







E 

N 

T 


T 

E 

MF 

•£ 

: 


AT 


P 

EH 

A) 


2 























< 

E 

1 


: 




1 

















; 

JO 

gi'“ 

a. 

oc 

3 10 

2 

z 

« 7.5 

? 

3 5 

Z> j 

H 2.5 
0 1 



: 

3 

1 


; 

; 



: 

; 


5 

1 

v: 

S 

: 

i 

d 

d 

1 


;C 

A 

T 

: 

i-7 

ov: 


1 

3 

< 


3 

■ 

: 

d 


VO 

L 

T 

: 

3 

3 

d 

d 


5 

d 

d 


( 

: 

> 

i 

d 

1 

d 

1 

: 

: 

sv 


d 

d 

j 

d 




0 5 10 15 


DRAIN-TO-SOURCE VOLTAGE (Vos)— V 

92CS-243I9BI 


Fig. 3 - Minimum output low {sink) current characteristics. 
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C04538B Types 

DRAIN-TO-SOURCE VOLTAGE (Vqs)- 


[AMBIENT TEMPERATURE (T* 

)«25»CiH 1 1 I 1 j 1 I I 1 t 1 1 1 1 1 1 1 bw 

;i:^^;GATE-TO-SOURCE VOLTAGE (Vgs)*-5V: ^ ; 



HU 

■H 


DRAIN-TO-SOURCE VOLTAGE (Vos)— V 

-5 

AMBIENT TEMPERATURE (Ta)» 25*C -j- | | | | | | | |jj'||j~ 

■l i I I I I I J [GAT^-TO^SOyRCE VOLT^ 


Fig. 4 - Typical output high (source) current characteristics. 


92CS-2432IRZ 

Fig. 5 - Minimum output high (source) current characteristics. 
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OUTPUT DUTY CYCLE (%) 

92CS-3S937 

Fig. 12 - Typical total supply current as a function of output duty 
cycle. 



Vss 92CS-2744IRI 

Test any combination of inputs. 

Fig. 14 - Input-voltage test circuit. 


CD4538B Types 



Vss 


92CS-2740IRI 

Fig. 13 - Quiescent device current test circuit. 


NOTE- 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH Vqd and Vss' 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
V0D OR V5g- 

Vss 

92CS-27402 

Fig. 15 - Input-leakage-current test circuit. 



Power-Down Mode 

During a rapid power-down condition, as would occur with ^ 
a power-supply short circuit or with a poorly filtered power ^ 
supply, the energy stored In Cx could discharge into Pin 2 or 
14. To avoid possible device damage in this mode, when Cx ® 

Is > 0.5 microfarad, a protection diode with a 1-ampere or 
higher rating (1N5395orequivalent) and a separate ground to 
return for Cx should be provided as shown In Fig. 16. 

Vdd 6 


IN5395 i 
OR 

EQUIVALENT 


Cx"" 

>0.5/Lfd 



Fig. 16 - Rapid power-down protection circuit. 

An alternate protection method Is shown in Fig. 1 7, where a 
51-ohm current-limiting resistor is inserted in series with 
Cx. Note that a small pulse width decrease will occur 
however, and Rx must be appropriately increased to obtain 
the originally desired pulse width. 

Vdd 



Cy T* ‘ 



89-97 

(2.261-2.464) 


(2.3II-2.5I5) 


Dimensions and pad layout for CD4538BH. 

Dimensions in parentheses are in millimeters and are derived 
from the basic inch dimension as indicated. Grid graduations are 
in mils (10~^ inch). 

The photographs and dimensions of each CMOS chip represent a 
chip when it is part of the wafer. When the wafer is separated into 
individual chips, the angle of cleavage may vary with respect to 
the chip face for different chips. The actual dimensions of the 
isolated chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance of —3 
mils to +16 mils applicable to the nominal dimensions shown. 


Fig. 17 - Alternate rapid power-down protection circuit. 








CD4541B Types 


CMOS Programmable Timer 

High-Voltage Types (20-Volt Rating) 


Features: 

■ Low symmetrical output resistance, typically 100Q at 
I/dd = 15 V 

■ Built-in low-power RC oscillator 

■ Oscillator frequency range: DC to 100 kHz 

m External clock {applied to pin 3) can be used instead 
of oscillator 

■ Operates as 2^ frequency divider or as a single- 
transition timer 

■ Q/0 select provides output logic level flexibility 

■ AUTO or MASTER RESET disables oscillator during 
reset to reduce power dissipation 

m Operates with very slow clock rise and fall times 

The RCA-CD4541B programmable timer consists of a 16- 
stage binary counter, an oscillator that is controlled by 
external R-C components (2 resistors and a capacitor), an 
automatic power-on reset circuit, and output control logic. 
The counter increments on positive-edge clock transitions 
and can also be reset via the MASTER RESET input. 

The output from this timer is the Q or Q output from the 8th, 
10th, 13th, or 16th counter stage. The desired stage is 
chosen using time-select inputs A and B (see frequency 
select table). The output is available in either of two modes 
selectable via the MODE input, pin 10 (see truth table). 
When this MODE input is a logic “1”, the output will be a 
continuous square wave having a frequency equal to the 
oscillator frequency divided by 2^. With the MODE input set 
to logic “0” and after a MASTER RESET is initiated, the 
output (assuming Q output has been selected) changes 
from a low to a high state after 2'^“^ counts and remains in 
that state until another MASTER RESET pulse is applied or 
the MODE input Is set to a logic “1”. 

Timing is initialized by setting the AUTO RESET input (pin 
5) to logic “0” and turning power on. If pin 5 is set to logic 
“1”, the AUTO RESET circuit is disabled and counting will 
not start until after a positive MASTER RESET pulse is 
applied and returns to a low level. The AUTO RESET con- 


FREQUENCY SELECTION TABLE 


A 

B 

No. of Stages 

N 

Count 

2n 

0 

0 

13 

8192 

0 

1 

10 

1024 

1 

0 

8 

256 

1 

1 

16 

65536 



V 5 S = PIN 7 
92CS-35066 

CD4541B 

FUNCTIONAL DIAGRAM 


■ Capable of driving six low power TTL loads, three 
low-power Schottky loads, or six HTL loads over the 
rated temperature range 

■ Symmetrical output characteristics 

m 100% tested for quiescent current at 20 V 

■ 5-V, 10-V, and 15-V parametric ratings 

m Meets all requirements of JEDEC Tentative Standard 
No. 13A, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


sumes an appreciable amount of power and should not be 
used if low-power operation is desired. 

The RC oscillator, shown in Fig. 2, oscillates with a fre- 
quency determined by the R-C network and is calculated 
using: 

1 where f is between 1 kHz 

and 100 kHz 

2.3 RtcCtc and Rs> 10 kQ and « 2Rtc 

The CD4541B types are supplied in 14-lead hermetic dual- 
in-line ceramic packages (D and F suffixes), 14-lead dual- 
in-line plastic packages (E suffix), and in chip form (H 
suffix). 


TRUTH TABLE 


PIN 

STATE 

0 

1 

5 

Auto Reset On 

Auto Reset Disable 

6 

Master Reset Off 

Master Reset On 

9 

Output Initially Low 

Output Initially High 

After Reset (Q) 

After Reset (Q) 

10 

Single Transition Mode 

Recycle Mode 
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CD4541B Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vdd) 

(Voltages referenced to Vss Terminal) 

INPUT VOLTAGE RANGE, ALL INPUTS 

DC INPUT CURRENT, ANY ONE INPUT 

POWER DISSIPATION PER PACKAGE (Po): 

For Ta = -40 to +60° C (PACKAGE TYPE E) 

For Ta = + 60 to + 85° C (PACKAGE TYPE E) 

ForTA = -55 to + 100° C (PACKAGE TYPES D, F) 

For Ta = + 100 to + 125°C (PACKAGE TYPES D, F) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, H 

PACKAGE TYPE E 

STORAGE TEMPERATURE RANGE (Tstg) 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max 


-0.5 to +20 V 

-0.5 to Vdd +0.5 V 

±10 mA 

500 mW 

Derate Linearly at 12 mW/°C to 200 mW 

500 mW 

Derate Linearly at 12 mW/°C to 200 mW 

100 mW 

-55 to +125° C 

-40 to + 85° C 

-65 to +150° C 

+ 265°C 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that operation is always within the following 
ranges: 


CHARACTERISTIC 

Vdd 

LIMITS 

UNITS 




(V) 

MIN. 

TYP. 


Supply-Voltage Range (For Ta = Full Package-Temperature Range) 


3 

18 

V 


12 13 

A B 



MANUAL RESET 


Fig. 1 — CD4541B functional diagram. 
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CD4541B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARAC- 

TERISTIC 


Quiescent 
Device 
Current, 
Idd Max. 


Output Low 
(Sink) Current 
loL Min. 


Output High 
(Source) 
Current, 
loH Min. 


Output Voltage: 
Low-Level, 

VoL Max. 
Output 
Voltage: 
High-Level, 
VoH Min. 


Input Low 
Voltage 
ViL Max. 


CONDITIONS 



LIMITS AT INDICATED TEMPERATURES (^C) 
Values at -55, +25, +125 Apply to D, F, H Packages 
Values at -40, +25, +85 Apply to E Package 


+25 

+125 MIN. I TYP. 


10 

10 

15 

20 

20 

100 

5 

1.9 





















































































CD4541B Types 

DYNAMIC ELECTRICAL CHARACTERISTICS, at Ta = 25° C, Input t„ t, = 20 ns, Cl = 50 pF, Rl = 200 kO 


CHARACTERISTIC 


Propagation Delay Times: 


Clock to Q 

I 

0. 

X 

CL 

00 


(2^®) tpHL, tpLHi 

Transition Time, 

tlHL 



MASTER RESET, CLOCK 
Pulse Width 


Maximum Clock Pulse Input 
Frequency, 


Maximum Clock Pulse Input 
Rise or Fall Time. 



0 lO 20 30 40 50 60 70 80 88 


DIGITAL TIMER APPLICATION 

A positive pulse on MASTER RESET resets the counters 
and latch. The output goes high and remains high until the 
number of pulses, selected by A and B, are counted. This 
circuit is retriggerable and is as accurate as the input fre- 
quency. If additional accuracy is desired, an external clock 
can be used on pin 3. A set-up time equal to the width of the 
one-shot output is required immediately following initial 
power up, during which time the output will be high. 


■'tc 

I I4 


I w 



' )l 

_Ctc , 

aF" 

3 I2 

4 I I 

— - A 

■=■ MR 

5 1 0 

6 9 



7 8 

OUTPUT 


-H ’ h- 


Fig. 3 - Digital timer application circuit. 



79-87 

(2.007-2.2I0) 


' (0.102-0254) 

0 85-93 ^ 

(2.159-2.362) I 

92CS-35090 

Dimensions and pad layout for CD4541B. 

Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils {10'^ 
inch). 

The photographs and dimensions of each CMOS 
chip represent a chip when it is part of the wafer. 
When the wafer is separated into individual 
chips, the angle of cleavage may vary with 
respect to the chip face for different chips. The 
actual dimensions of the isolated chip, therefore, 
may differ slightly from the nominal dimensions 
shown. The user should consider a tolerance of 
-3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4543B Types 


CMOS BCD-to-Seven-Segment 

Latch/Decoder/Driver 

For Liquid-Crystal Displays 

High-Voltage Types (20-Volt Rating) 

Features: 

■ Display blanking of all illegal input combinations 

■ Latch storage of code 

■ Capability of driving two low power TTL loads, 
two HTL loads, or one low power Schottky load 
over the full rated-temperature range 

■ Pin-for-pin replacement for the CD4056B 
{with pin 7 tied to Vss) 

■ Direct LED driving capability 



The RCA-CD4543B is a BCD-to-seven segment latch/de- 
coder/driver designed primarily for liquid-crystal display 
(LCD) applications. It is also capable of driving light 
emitting diode (LED), incandescent, gas-discharge, and 
fluorescent displays. This device is functionally similar to 
and serves as direct replacement for the CD4056B when pin 
7 is connected to Vss. It differs from the CD4056B in that It 
has a display blanking capability instead of a level-shifting 
function and requires only one power supply. When the 
CD4056B is used in the level shifting mode, two power 
supplies are required. When the CD4543B is used for LCD 
applications, a square wave must be applied to the PHASE 
input and the backplane of the LCD device. For LED 
applications a logic 1 is required at the PHASE Input for 
common-cathode devices; a logic 0 Is required forcommon- 
anode devices (see truth table). 

The CD4543B issupplied In hermetic dual-in-line ceramic 
packages (D and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat packages (K 
suffix), and in chip form (H suffix). 


■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 pA at 16 V 
over full package-temperature range; 

100 nA at 18 Vand25^C 

■ Noise margin {full package-temperature 
range)= 1 V at Vdq=5 V 

2 Vat Voc>=tO V 
2.5 Vat Vdd=^5 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13B, "Standard Specifications 
for Description of ‘B’ Series CMOS Devices" 

Applications: 

■ Instrument display driver 

m Dashboard display driver 

u Computer /calculator display driver 

■ Timing device driver {clocks, watches, timers) 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vdd) 

(Voltages referenced to Vss Terminal) 

INPUT VOLTAGE RANGE, ALL INPUTS 

DC INPUT CURRENT, ANY ONE INPUT 

POWER DISSIPATION PER PACKAGE (Pp): 

For Ta = -40 to +60‘’C (PACKAGE TYPE E) 

For T^ = +60 to +85® C (PACKAGE TYPE E) 

For T;^ = -55 to +100®C (PACKAGE TYPES D. F, K) 

ForT^ = +100 to +125®C (PACKAGE TYPES D. F. K) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T;^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H 

PACKAGE TYPE E 

STORAGE TEMPERATURE RANGE (Tgtg) 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max. . . . 


-0.5 to +20 V 

-0.5 to Vdd +0.5 V 

±10 mA 

500 mW 

Derate Linearly at 12 mW/®C to 200 mW 

500 mW 

Derate Linearly at 12 mW/°C to 200 mW 

100 mW 

-55to+125®C 

-40 to +85® C 

-65 to +1 50® C 

+265® C 
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CD4543B Types 



Fig. 1 - BCD-to-seven-segment latch/decoder/driver CD4S43B logic circuit diagram. 

RECOMMENDED OPERATING CONDITIONS at Ta= 25^C, Unless Otherwise Specified 

For maximum reliability, nominal operating conditions should be selected so that operation is always within the following 
ranges: 


CHARACTERISTIC 

Vdd 

(V) 

LIMITS 

UNITS 

MIN. 

TYP. 

Supply-Voltage Range (For Ta=FuII Package-Temperature Range) 


3 

18 

V 



5 


125 


Latch Disable Pulse Width 

♦WH 

10 

■■ 





15 

80 





5 

60 

15 


Minimum Data Setup Time 

tsu 

10 

20 

-5 

ns 



15 

10 

-5 




5 

25 



Minimum Data Hold Time 

tH 

10 

20 





15 

20 

10 
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CD4543B Types 

STATIC ELECTRICAL CHARACTERISTICS 


CONDITIONS 


CHARAC- 

TERISTIC 

Quiescent 

Device 

Current 

Max. 

Idd 

Output Low 
(Sink) 

Current 

Min. 

lOL 

Output High 
(Source) 

Current 

Min. 

lOH^ 

Output Voltage: 

Low-Level 

Max. 

VOL 

Output Voltage: 
High-Level 

Min. 

VOH 

Input Low 

Voltage 

, Max. 

V|L 

Input High 
Voltage 

Min. 

V|H 

Input Current 

Max. 

■in 


LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at -40, +25, +85 Apply to E Package 
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CD4543B Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at Ta=25°C; Cl= 50 pF, Input tr,tt=20 ns, Rl= 200 kO 


CHARACTERISTIC 

TEST 

CONDITIONS 

vdd (V) 

LIMITS 

All Packages 

UNITS 

MIN. 

TYP. 

MAX. 

Propagation Delay Time 

tPHL 

5 


■H 

1200 




10 



400 




15 

nm 

mSM 

300 




5 

— 

500 

1000 



tPLH 

10 

— 

200 

400 




15 

— 

150 

300 




5 

— 

180 

El 


Transition Time 

tTHL 

10 

— 

90 





15 

— 

65 

■Bl 




5 

— 

180 

El 



tTLH 

10 

— 

90 





15 

— 

65 





5 

El 

125 

— 


Latch Disable Pulse Width 

tWH 

10 

■■ 

50 

— 




15 

80 

40 





5 

60 

15 

— 


Address Setup Time 

tsu 

10 

20 

-5 

— 




15 

10 

-5 

— 




5 

25 

-5 

— 


Address Hold Time 

tH 

10 

20 

10 

— 




15 

20 

10 

— 


Input Capacitance 

C|N 

Any Input 

— 

5 

7.5 

pF 




Fig. 4 - BCD-to-seven-segment latch/decoder/driver functional diagram. 




Fig. 5 - Typical output low (sink) current characteristics. Fig. 6 - Minimum output low {sink) current characteristics. 
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CD4543B Types 


TRUTH TABLE FOR CD4543B 


INPUT CODE 



OUTPUT STATE 


DISPLAY 

CHAR- 

ACTER 



0 

0 

0 

0 

0 

0 

0 

B 

Ian 

0 

0 

0 

0 

0 

0 

0 

B 

Ian 

0 

0 

0 

0 

0 

0 

0 

B 

Ian 

0 

0 

0 

0 

0 

0 

0 

B 

Ian 


Inverse of Output 

Display 

Combinations 

as above 

Above 




X=Don’t care. 
t=Above combinations. 

*=For liquid-crystal readouts, apply a square wave to Ph. 

For common cathode LED readouts, select Ph=0. 

For common anode LED readouts, select Ph=1. 

**=Depends upon the BCD code previously applied when LD=1. 



LOAD CAPACITANCE (Cl)— pF 

92CS-345I8 

Fig. 7 - Typical transition time as a function of load capacitance. 


LOAD CAPACITANCE (Cl)— pF 

92CS-345I9 

Fig. 8 - Typical propagation delay time as a function of 
load capacitance. 
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CD4543B Types 



Fig. 9 - Typical dynamic power dissipation as a function of frequency. 




NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH Vdd ANOVss- 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vdd or V3g- 


92CS-2744IRI 


92CS-27402 


Fig. 11 - Input voltage test circuit. Fig. 12 - Input current test circuit. 


test circuit. 



— 74-82 — 
( 1 . 880 - 2 . 083 ) 


92CS-35089RI 

Dimensions and pad layout for CD4543BH. 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10'^ 
inch). 


The photographs and dimensions of each CMOS 
chip represent a chip when it is part of the wafer. 
When the wafer is separated into individual 
chips, the angle of cleavage may vary with 
respect to the chip face for different chips. The 
actual dimensions of the isolated chip, therefore, 
may differ slightly from the nominal dimensions 
shown. The user should consider a tolerance of 
-3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4555B, CD4556B Types 

CMOS 

Dual Binary to 1 of 4 
Decoder/Demultiplexers 


High-Voltage Types (20-Volt Rating) 

CD4555B: Outputs High on Select 
CD4556B: Outputs Low on Select 

The RCA-CD4555B and CD4556B are dual 
one-of-four decoders/demultiplexers. Each 
decoder has two select inputs (A and B), an 
Enable input (E), and four n^utually exclu- 
sive outputs. On the CD4555B the outputs 
are high on select; on the CD4556B the out- 
puts are low on select. 

When the Enable input is high, the outputs 
of the CD4555B remain low and the outputs 
of the CD4556B remain high regardless of 
the state of the select Inputs A and B. The 
CD4555B and C04556B are similar to types 
MCI 4555 and MCI 4556, respectively. 

The CD4555B and CD4556B types are sup- 
plied in 16-lead hermetic dual-in-line cer- 
amic packages (D and F suffixes), 16-lead 
dual-in-line plastic packages (E suffix), 16- 
lead ceramic flat packages (K suffix), and in 
chip form (H suffix). 


Features: 

■ Expandable with multiple packages 

■ Standard, symmetrical output characteristics 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 juA at 18 V over full 
package temperature range; 100 nA at 18 V and 25°C 

■ Noise margin (full package-temperature 
range): 1VatVQp = 5V 

2Vat Vqq = 10V 
2.5Vat Vdq = 15 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 

■ Decoding ■ Code conversion 

■ Demultiplexing (using Enable input as a 
data input) 

■ Memory chip-enable selection 

■ Function selection 




RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following ranges. 


CHARACTERISTIC 

Vdd 

MIN. 

MAX. 

UNITS 

Supply Voltage Range 
(For Ta = Full Package 

Temp. Range) 


3 

18 

V 


MAXIMUM Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vqq) 

(Voltages referenced to Vss Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqq +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq); 

For Ta = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/OC to 200 mW 

For Ta = -55 to +100°C (PACKAGE TYPES D,F,K) 500 mW 

For Ta = +100 to +125°C (PACKAGE TYPES D, F, K) . . . Derate Linearly at 1 2 mW/®C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = full package-temperature range (Ail Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H -55 to +125^0 

PACKAGE TYPE E . . ' -40 to +850C 

STORAGE TEMPERATURE RANGE (Tjtg) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING); 

At distance 1 /1 6 ± 1 /32 inch ( 1 .59 ± 0.79 mm) from case for 10s max +265®C 


TERMINAL ASSIGNMENTS 


E — 

lO 

16 

— vdd 

A — 

2 

15 

- E ^ 

B — 

3 

14 

— A 

■Sty — 

4 

13 

— B 

oT — 

5 

12 

_ TO 


6 

11 

— ■qT 


7 

10 


Vss — 

8 

9 




^ 

y 

E — 

!• 

16 

A — 

2 

15 

B — 

3 

14 

00 — 

4 

13 

01 — 

5 

12 

02 •— 

6 

1 1 

Lq3- 

7 

10 

Vss ^ 

8 

9 


CD4555B 
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CD4555B, CD4556B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (^C) 
Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at —40, +25, +85 Apply to E Package 

UNITS 

Vo 

(V) 

V|N 

(V) 

Vdd 

(V) 


+25 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 

Quiescent Device 
Current, 

IDD Max. 

- 

0,5 

5 

5 

5 

150 

150 

- 

0.04 

5 

pA 

- 

0,10 

10 

10 

10 

300 

300 

- 

0.04 

10 

- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 

- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

Output Low 
(Sink) Current 
Iql Min. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

34 

6.8 

- 

Output High 
(Source) 

Current, 

Iqh Min. 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4. 

-3.4 

-6.8 

- 

Output Voltage: 
Low-Level, 

Vql Max. 

- 

0,5 

5 

0.05 

- 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output Voltage; 
High-Level, 

Vqh Min. 

- 

0,5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage, 

V|L Max. 

0.5, 4.5 

- 

5 

1.5 

- 

— 

1.5 


1,9 

- 

10 

3 

- 

- 

3 

1.5,13.5 

- 

15 

4 

- 

- 

4 

Input High 
Voltage, 

V|H Min. 

0.5, 4.5 

- 

5 

3.5 

3.5 

- 

- 

1.9 

- 

10 

7 

7 

- 

- 

1.5,13.5 

- 

15 

11 

11 

- 

- 

Input Current 
l|N Max. 


0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10-5 

±0.1 

pA 


DYNAMIC ELECTRICAL CHARACTERISTICS af 7^= 25° C; Input tf = 20ns, 
Ci=50pF, Ri_=200Ka 


CHARACTERISTIC 

TEST CONDITIONS 

ALL TYPES 
LIMITS 

UNITS 


^DD 

Volts 

TYP. 

MAX. 

Propagation Delay Time, tpHL' 


5 

220 

440 


A or B Input to ^PLH 


10 

95 

190 

ns 

Any Output 


15 

70 

140 




5 

200 

400 


E Input to Any 


10 

85 

170 

ns 

Output 


15 

65 

130 




5 

100 

200 


Transition Time tjHL'^TLH 


10 

50 

100 

ns 



15 

40 

80 


Input Capacitance C||yj 

Any Input 

5 

7.5 

PF 



0 5 10 15 


DRAIN-TO-SOURCE VOLTAGE (Vos) — V 

Fig. 1 — Typical output low (sink) current 
characteristics. 
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DRAIN-TO-SOURCE VOLTAGE (Vqs) — V 


Fig. 2 — Minimum output low (sink) current 
characteristics. 


DRAIN-TO-SOURCE VOLTAGE (Vos)— V 



Fig. 3 — Typical output high (source) current 
characteristics. 


DRAIN-TO-SOURCE VOLTAGE (VqsI-V 



Fig. 4 — Minimum output high (source) current 
characteristics. 
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CD4555B, CD4556B Types 




Fig. 5 — CD4556B logic diagram 
(1 of 2 identical circuits). 


TRUTH TABLE 


INPUTS 

ENABLE SELECT 


OUTPUTS OUTPUTS 

CD4555B CD4556B 



X = DON'T CARE 


LOGIC 1 = HIGH 
LOGIC 0= LOW 


III: 


, » 

:::: 



iiil 









iilllliy jjjjjjl 

:::: 

lllllli Hlillllii 

::::::: 

::::::: 

::::: 

::::::: 

. 

:::::::: 

::: 

III 

yi 

ml 

IP m 

inp JsiHii 

Hi iH 

:::::::::::::::: 

llilllliilililiilllilljjjllilijl 

iilii-iS 

■i 3 aSggi^ig.gB 5 l 

••■••■•■•SSSSSSSSSSSSSSSSSbSmSS 

illiiilliilillilililililiniillii 

Siiiiliil 


LOAD CAPACITANCE (Cl)- pF »2CS-Z4939 

Fig. 8 — Typical propagation delay time vs. load 
capacitance (E input to any output). 


Fig. 6 — CD4555B logic diagram 
(1 of 2 identical circuits). 


SSSBiiiiiil 

;::bib:::s!:I 


iiiiiBlII 


SUPPLY VOLTAGE I V|)|>)— VOLTS 

9ZCS-Z494I 

Fig. 9 - Typical propagation delay time vs, 
supply voltage. 



TEHIPERATUNE (T*) 



liiliililiililii 



Fig. 7 - Typical propagation delay time vs. load 
capacitance (A or B input to any output). 



LOAD CAPACITANCE (Cl)— pF 


Fig. 10 — Typical transition time vs. load 
capacitance. 


10* r ambient temperature (Tft l-ZS'C 




Fig. 11 — Typical dynamic power dissipation 
vs. frequency. 



Fig. 12 — Quiescent device current test 
circuit. 



j NOTE ■ 

Vce TEST ANY COMBINATION 

OF INPUTS 

92CS-2744IRI 

Fig. 13 — Input voltage test circuit. 
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CD4555B, CD4556B Types 



Fig. 14 — Input current test circuit. 




f j = I MHj, 50 % DUTY CYCLE 

92CS- 24225 

Fig. 17 - CD4555B E input to Q3 output dynamic 
signal waveforms. 



»l MHz. 50% DUTY CYCLE 

92CS-24226 

Fig. 18 - CD4556B E input to Qj output dynamic 
signal waveforms. 


APPLICATIONS 



Fig. 19—1 -of -4 line data demultiplexer using 
CD4555B. 




Fig. 20—1 -of -8 decoder using CD4555B. 
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DIMENSIONS AND PAD LAYOUT FOR DIMENSIONS AND PAD LAYOUT FOR 

CD4555BH. CD4556BH. 

Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 

Grid graduations are in mils (10'^ inch). 

The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 






CD4585B Types 


CMOS 4-Bit Magnitude 
Comparator 

High Voltage Types (20-Volt Rating) 

The RCA-CD4585B is a 4-bit magnitude com- 
parator designed for use in computer and 
logic applications that require the comparison 
of two 4-bit words. This logic circuit deter- 
mines whether one 4-bit word (Binary or 
BCD) is “less than", “equal to", or “greater 
than" a second 4-bit word. 

The CD4585B has eight comparing inputs 
(A3, B3, through AO, BO), three outputs (A 
<B,A = B,A > B) and three cascading inputs 
(A < B, A = B, A > B) that permit systems 
designers to expand the comparator function 

to 8, 12, 16 4N bits. When a single 

CD4585B is used, the cascading inputs are 
connected as follows: (A < B) = low, (A = B) 

= high, (A> B) = high. 

Cascading these units for comparison of more 
than 4 bits is accomplished as shown in 
Fig. 13. 

The CD4585B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). This device is pin-compatible with 
low-power TTL type 7485 and the CMOS 
types MCI 4585 and 40085. 


Features: 

■ Expansion to 8,12,16 4N bits by cascading units 

■ Medium-speed operation: 

compares two 4-bit words 
in 180 ns (typ.) at 10 V 
o 100% tested for quiescent current at 20 V 

■ Standardized symmetrical output characteristics 
B 5-V, 10-V, and 15-V parametric ratings 

■ Maximum input current of 1 juA at 18 V 



over full package temperature range; 

100 nA at 18 V and 25''C 

■ Noise margin (full package temperature range) 

range) = 1 V at = 5 V 
2 Vat VpD = 10 V 
2.5 Vat Vqd= 15 V 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 

■ Servo motor controls o Process controllers 



0 5 10 15 

DRAIN-TO-SOURCE VOLTAGE (Vos) — V 


Fig. 1 - Typical output low (sink) current 


characteristics. 


MAXIMUM RATINGS, A6so/ufe-/Wax/mum Values: 

DC SUPPLY-VOLTAGE RANGE, (VpQ) 

(Voltages referenced to Vgg Terminal) 

INPUT VOLTAGE RANGE, ALL INPUTS 

DC INPUT CURRENT, ANY ONE INPUT 

POWER DISSIPATION PER PACKAGE (Pq): 

For T^ = -40 to +60 C (PACKAGE TYPE E) 

For T^ = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 

For T;^ = -55 to +100°C (PACKAGE TYPES D. l^ K) 

For T^ = +100 to +125°C (PACKAGE TYPES D, F, K) . . Derate Linearly at 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) . . 

OPERATING-TEMPERATURE RANGE (T^): 

PACKAGE TYPES D, F, K, H) 

PACKAGE TYPE E 

STORAGE TEMPERATURE RANGE (Tgjg) 

LEAD TEMPERATURE (DURING SOLDERING); 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max. 


. . -0.5 to +20 V 

-0.5 to Vqq+ 0.5 V 
. . . ±10 mA 

. . . 500 mW 

12 mW/°C to 200 mW 
. . . 500 mW 

12 mW/°C to 200 mW 

. . . 100 mW 

-55to+125°C 
—40 to +85 C 
-65to+150°C 

.... +265°C 



0 5 10 15 

DRAIN-TO-SOURCE VOLTAGE (VdS) — V 


Fig.2 — Minimum output low (sink) current 
characteristics. 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominaf operating conditions should be selected so that oper- 
ation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

Min. Max. 

UNITS 

Supply-Voltage Range (For Ta = Full Package- 
Temperature Range) 

3 

18 

V 


DRAIN-TO-SOURCE VOLTAGE (Vosl—V 
HS HO -5 0 



Fig.3 — Typical output high (source) current 
characteristics. 
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CD4585B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARAC- 

TERISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES {°C) 
Values at -55, +25, +1 25 Apply to D, F, K, H, Packages 
Values at —40, +2S, -+85 Apply to E Package 

IT 

N 

1 

T 

S 

Vo 

(V) 

V|N 

(V) 

Vdd 

(V) 

-55 

-40 

+85 

+125 

+25 

Min. 

Typ. 

Max. 

Quiescent 

Device 

Current, 

IqD Max. 

- 

0,5 

5 

5 

5 

150 

150 

- 

0.04 

5 

AiA 

- 

0,10 

10 

10 

10 

300 

300 

- 

0.04 

10 

- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 

- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

Output Low 
(Sink) Current 
IqI_ Min. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 

Output High 
(Source) 
Current, 

•oh 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 


- 

2.5 

0.5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Voltage: 
Low-Level, 

Vql 

- 

0,5 

5 

0.05 

- 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output 

Voltage: 
High-Level, 
Vqh Min. 

- 

0,5 

5 

4.95 

4.95 

5 ' 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage 

V|L Max. 

0.5, 4.5 

- 

5 

1.5 

- 

- 

1.5 

V 

1.9 

- 

10 

3 

- 

- 

3 

1.5,13.5* 

- 

15 

4 

- 

- 

4 

Input High 
Voltage, 

V| |_| Min. 

0.5,4.5 

- 

5 

3.5 

3.5 

- 

- 

1,9 

- 

10 

7 

7 

- 

- 

1.5,13.5 

- 

15 

It 

11 

- 

- 

Input Current 
l|(y| Max. 

- 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10“^ 

±0.1 

ma 


DYNAMIC ELECTRICAL CHARACTERISTICS 

At T^= 25° C ; Input t^, tf = 20 ns, Ci_ = 50 pF, Ri^ = 200 k5l 


CHARACTERISTIC 

TEST CONDITIONS 

Do 
> > 

LIMITS 

UNITS 

Typ. 

Max. 

Propagation Delay Time: 


5 

300 

600 


Comparing Inputs to 


10 

125 

250 


Outputs, tpHL. tpLH 


15 

80 

160 

ns 



5 

200 

400 


Cascading Inputs to 


10 

80 

160 


Outputs, tpHL, tpLH 


15 

60 

120 




5 

100 

200 


Transition Time, 


10 

50 

100 

ns 

^THL' ^TLH 


15 

40 

80 


Input Capacitance, C|[\j 

Any Input 

5 

7.5 

pF 



Fig. 8 - Typical dynamic power dissipation as a 
function of dock input frequency (see 
Fig. 9— dynamic power dissipation test 
circuit). 



Fig. 9 — Dynamic power dissipation test circuit. 


Vdd 

Vss 


Vss 


NOTE; 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH Vqq and Vgg- 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vdd ORVss- 


92CS-27402 


Fig. 10 — Input current test circuit. 



Vss TEST ANY COMBINATION 

OF INPUTS 


92CS-2744IRI 


Fig. 11 — Input-voltage test circuit. 
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CD4724B Types 


:mos 

3-Bit Addressable Latch 


High-Voltage Types (20-Volt Rating) 

rhe RCA-CD4724B 8-bit addressable latch 
s a serial-input, parallel-output storage regis- 
er that can perform a variety of functions. 

)ata are inputted to a particular bit in the 
atch when that bit is addressed (by means 
)f inputs AO, A1, A2) and when WRITE 
DISABLE is at a low level. When WRITE 
DISABLE is high, data entry is inhibited; 
lowever, all 8 outputs can be continuously 
ead independent of WRITE DISABLE and 
iddress inputs. 

V master RESET input is available, which 
esetsall bits to a logic "0" level when RESET 
ind WRITE DISABLE are at a high level. 


Features: 

■ Serial data input ■ Active parallel output 

■ Storage register capability ■ Master clear 

■ Can function as demultiplexer 

■ Standardized, symmetrical output characteristics 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 /iA at 18 V 
(full package-temperature range), 100 nA 
at 18 V and 250C 

■ Noise margin (full package-temperature 
range) = 1 V at Vqd = 5 V, 2 V at Vdd 
= 10V, 2.5 VatVDD = 15 V 

■ 5-V, 10-V, and 15-V parametric ratings ^ 

■ Meets all requirements of JEDEC Tentative ^ 
Standard No. 13 A, “Standard Specifications , 
for Description of 'B' Series CMOS Devices" 



Applications: 

■ Multi-line decoders 

■ A/D converters 


MAXIMUM HAIMAQS, Absolute-Maximum Values: 


Vhen RESET is at a high level, and WRITE 
DISABLE is at a low level, the latch acts as 
1 1-of-8 demultiplexer; the bit that is ad- 
Iressed has an active output which follows 
:he data input, while all unaddressed bits 
ire held to a logic "0" level. 

‘he CD4724B types are supplied in 16-lead 
lermetic ceramic dual-in-line packages (D 
nd F suffixes), 16-lead plastic dual-in-line 
lackages (E suffix), and in chip form (H 
uffix). 


DC SUPPLY-VOLTAGE RANGE. (Vqq) 

(Voltages referenced to Vss Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to VpD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq): 

For Ta = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 1 2 mW/°C to 200 mW 

For Ta = - 55 to +100^0 (PACKAGE TYPES D.F) 500 mW 

For Ta = +100 to +125°C (PACKAGE TYPES D. F) . . . Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ta = full PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 


OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F. H -55 to +125^0 

PACKAGE TYPE E -40 to +850C 

STORAGE TEMPERATURE RANGE (Tstg) -65 to +150^0 

LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1 /1 6 ± 1 /32 inch ( 1 .59 ± 0.79 mm) from case for 1 0 s max. 





Fig. 1~ Logic diagram of CD4724B and detail of 1 of 8 latches. 



TOP VIEW 

92CS-S09I7 


TERMINAL ASSIGNMENT 



9 10 19 

ORAIN-TO-SOURCE VOLTAGE {Vds»-V 

t2CI-24SISR5 


Fig. 2— Typical output low (sink) 
current characteristics. 
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CD4724B Types 


RECOMMENDED OPERATING CONDITIONS at T^=2^C (Unless otherwise specified) 
For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges. 


SEE 

FIG. 15* 


CHARACTERISTIC 


Supply Voltage Range: 

(At Ty^ = Full Package 
Temperature Range) 


Pulse Width, tyy 
Data 



LIMITS 

MIN. 

MAX. 

3 

18 








5 

200 

10 

100 

15 

80 

5 

400 

10 

200 

15 

125 

5 

150 

10 

75 

15 

50 

5 

100 

10 

50 

15 

35 

5 

150 

10 

75 

15 

50 


Setup Time, ts 

Data to WRITE DISABLE 


Hold Time, t^ 

Data to WRITE DISABLE 


* Circled numbers refer to times indicated on master timing diagram. 

Note: In addition to the above characteristics, a WRITE DISABLE ON time (the time that WRITE 
DISABLE is at a high level) must be observed during an address change for the total time that the 
external address lines AO, A1 , and A2 are settling to a stable level, to prevent a wrong cell from 
being addressed » 


3 CLOCK 

QIA Q2A Q3A 


AO At A2 

14 WO 

CD4T24B R 

1^ DATA 

00 01 02 03 04 05 06 07 



CD4047 

05^ '13^1 

JUUL 

► ( 



OUT 

V 

c 

R 

R-C 



> @ 



470 4c 

,ool»o«i 



PF 

1 1 ^ 

y 

■ ^ 






MODE SELECTION 

I ADDRESSED UNADDRESSED 
' LATCH LATCH 






Holds Previous State 


Reset to “O'* 


WD = WRITE DISABLE 

1 

R « RESET 

AO 


E— 30% 




Al 

— 70 % 

V _ 





A2 

—J 




70% 

j 

t- 2 


l-»— ‘ W •\ 

92CS-27676RI 

Fig. 3— Definition of WRITE DISABLE ON time. 




DRAIN- TO- SOURCE VOLTAGE (Vos)— V 

Fig. 4— Minimum output low (sink) 
current characteristics. 


R2R 

LADDER network" 


Fig. 5— A/D converter 


OR AIN- TO- SOURCE VOLTAGE (Vds>“-V 

-B -10 -S 

AMBIENT TEMPERATURE (Ta)«2S*C H H H 1 1 H I ff 

m " | 1 1 1 1 OATE-TO-S^'^CE VOLTAGE (vJii-lv i 


S2C$>24)20R3 

Fig.6 — Typical output high (source) 
current characteristics. 
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CD4724B Types 



CHARACTER- 

ISTIC 


Quiescent Device 
Current, 

IqD Max. 


Output Low 
(Sink) Current 
Iql Min. 





































C04724B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at = 25° C. = 50 pF, 

Input tf, tf = 20 ns, = 200 KQ. 


CHARACTpiSTIC 

Propagation Delay: tpn-|, 

'PHL 

Data to Output, 

WRITE DISABLE 
to Output. tpLH. 

^PHL 

Reset to Output, 

*PHL 

Address to Output, 

^PLH« 

^PHL 

Transition Time, ti-|m_, 

(Any Output) 

Minimum Pulse 
Width, tyy 


CONDITIONS 

SEE 

Fig. 15* 

1 

§> 

> 


5 

O 

10 


15 


5 

0 

10 


15 


5 

@ 

10 


15 


5 

© 

10 


15 


5 


10 


15 


5 

© 

10 


15 


5 

© 

10 


15 


5 

© 

10 


15 


5 

© 

10 


15 


5 

© 

10 


15 

Any Input 


LIMITS 

ALL PACKAGE 1 


Minimum Setup 5 50 

Time,ts © tO 25 

Data to WRITE DISABLE 15 20 

Minimum Hold 5 75 

Time, tH © 10 40 

Data to WRITE DISABLE 15 25 

Input Capacitance, C|n Any Input 5 

•Circled numbers refer to times indicated on master timing diagram. 




«2CS> 27401 Rl 

Fig. 11— Quiescent device current 
test circuit. 



^ NOTE 

Vee TEST ANY COMBINATION 

OF INPUTS 

92CS-2744IRI 

Fig. 12— Input voltage test circuit. 


Vdo 



NOTE 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH Voo ANOVss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 

vdd««''ss 


92CS-27402 

F ig. 1 3— inpu t curren t test circuit. 



Fig. 14— 1 of 16 decoder /demultiplexer. 

Y 

I/4CD40I6 IN/OUT 



\ 





< 


/ 

/ 

/ 


/ 

/ 

r' 




Fig. 15— Master timing diagram. 


Fig 16— Multiple selection decoding — 4x4 
crosspoint switch. 


378 










CD40100B Types 


CMOS 32-Stage Static Left/Right Shift 


Register 


High-Voltage Types {20-Volt Rating) 


The RCA-CD40100B is a 32-stage shift reg- 
ister containing 32 D-type master-slave flip- 
flops. 

The data present at the SHI FT-RIGHT INPUT 
is transferred into the first register stage syn- 
chronously with the positive CLOCK edge, 
provided the LEFT/RIGHT CONTROL is at 
a low level, the RECIRCULATE CONTROL 
is at a high level, and the CLOCK INHIBIT 
is low. If the LEFT/RIGHT CONTROL is at 
a high level and the RECIRCULATE CON- 
TROL is also high, data at the SHIFT-LEFT 
INPUT is transferred into the 32nd register 
stage synchronously with the positive CLOCK 
transition, provided the CLOCK INHIBIT is 
low. The state of the LEFT/RIGHT CON- 
TROL, RECIRCULATE CONTROL, and 
CLOCK INHIBIT should not be changed 
when the CLOCK is high. 

Data is shifted one stage left or one stage 
right depending on the state of the LEFT/ 
RIGHT CONTROL, synchronously with the 
positive CLOCK edge. Data clocked into the 
first or 32nd register states is available at the 
SHIFT-LEFT or SHIFT-RIGHT OUTPUT 
respectively, on the next negative CLOCK 
transition (see Data Transfer Table). No 
shifting occurs on the positive CLOCK edge 
if the CLOCK INHIBIT line is at a high 
evel. With the RECIRCULATE CONTROL 
low, data in the 32nd stage is shifted into the 


Features: 

■ Fully static operation 

■ Shift left/Shift right capability 

■ Multiple package cascading 

■ Recirculate capability 

■ LIFO or FIFO capability 

■ Standardized, symmetrical output 
characteristics 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 /Lt A at 18 V 
over full package-temperature range; 

100 nA at 18 V and 250C 

■ Noise margin (full package-temperature 

range) - 

1 Vat Vdd = 5 V 
2Vat Vdd = 10 V 
2.5 Vat Vdd = 'I5 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

first stage when the LEFT/RIGHT CON- 
TROL is low and from the 1st stage to the 
32nd stage when the LEFT/RIGHT CON- 
TROL is high. 

The CD40100B types are supplied in 16- 
lead hermetic dual-in-line ceramic packages 
(D and F suffixes). 16-lead dual-in-line plas- 
tic packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 



LEFT/RIGHT 

CONTROL 


SHIFT 

|l3 

SHIFT 




IN „ 

CLOCK 


12 

3 

CLOCK 

INHIBIT 


SHIFT 

OUT 

SHIFT ^ 



6 


Voo*'6 

NC* 1.5.7. 
10,14,15 


vss-e 

f 

RECIRCULATE 

CONTROL 

92CS- 

2T56T 

FUNCTIONAL DIAGRAM 


Applications: 

■ Serial shift registers 

■ Time delay circuits 

■ Expandable N-bit data storage stack 
(LIFO operation) 




Fig. 1 - 'Typical output low (sink) 
current fharacteristics. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE. (Vdd) 

(Voltages referenced to Vss Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to VpD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pp): 

For = -40 to +60“C (PACKAGE TYPE E) 500 mW 

For T^ = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/^C to 200 mW 

For T^ = -55 to +100'’C (PACKAGE TYPES D, F, K) 500 mW 

For Tyy = +100 to +125®C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/"C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR; 

For T;^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K. H -55to+125°C 

PACKAGE TYPE E -40to+85‘'C 

STORAGE TEMPERATURE RANGE (Tstg) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265®C 



5 K) 15 

DRAIN-TO- SOURCE VOLTAGE (VoS)— V 


Fig. 2 — Minimum output low (sink) 
current characteristics. 


379 






380 
















CD40100B Types 


RECOMMENDED OPERATING CONTITIONS at = 250C, Except as Noted. 

For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges: 


CHARACTERISTIC 

Vdd 

(V) 

LIMITS 

UNITS 

Min. 

Max. 

Supply-Voltage Range (For J = Full Package- 


3 

18 

v 

Temperature Range) 






5 

100 

- 


Data Setup Time, t 5 

10 

20 

- 

ns 


15 

10 

- 



5 

275 

- 


Data Hold Time, t|_| 

10 

100 

- 

ns 


15 

75 

- 



5 


1 


Clock Input Frequency, fQ|_ 

10 

dc 

2.5 

mHz 


15 


3 



5 

- 

15 


Clock Input Rise or Fall Time, t^CL, t^CL 

10 

- 

15 

/IS 


15 

- 

15 



5 

450 

_ 


Clock Input Pulse Width: 

10 

230 


ns 

Low Level, 

15 

190 

- 



5 

280 

- 


High Level, tyyj..j 

10 

150 

- 

ns 


15 

140 

- 



CONTROL TRUTH TABLE 


LEFT/RIGHT 

CONTROL 

CLOCK 

INHIBIT 

RECIRCULATE 

CONTROL 

ACTION 

INPUT BIT 
ORIGIN 

1 

0 

1 

Shift left 

Shift left input 

1 

0 

0 

Shift left 

Stage 1 

0 

0 

1 

Shift right 

Shift right input 

0 

0 

0 

Shift right 

Stage 32 

X 

1 

X 

No shift 

- 


DATA TRANSFER TABLE* 


INITIAL STATE 

CLOCK 

RESULTING STATE 

DATA 

INPUT 

CLOCK 

INHIBIT 

INTERNAL 

STAGE 

LEVEL 

CHANGE 

INTERNAL 

STAGED 

OUTPUT 

0 

0 

X 

^ 

0 

NC 

X 

0 

0 



NC 

0 

1 

0 

X 



1 

NC 

X 

0 

1 

Vw 

NC 

1 

X 

1 

1 

X 

NC 

NC 


0 = Low level 1 = High level X = Don't care 
* For Shift-Right Mode 

Data Input = SHIFT-RIGHT INPUT (Term. 11) 
Internal Stage = Stage 1 (Q.|) 

Output = SHIFT-LEFT OUTPUT (Term. 4) 


NC = No change 
For Shift-Left Mode 

Data Input = SHIFT-LEFT INPUT (Term. 6) 
Internal Stage = Stage 32 (Q32) 

Output = SHIFT-RIGHT OUTPUT (Term. 12) 



Fig. 9 — Typical dynamic power dissipation 
as a function of CLOCK frequency. 




Fig. 10 - Quiescent-device-current test circuit. 


MI>- 

Vss 


“T 

Vss 


NOTE; 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH VoD ANOVss- 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
VddORVss- 


92CS-27402 


Fig. 11 - input-current test circuit. 




Fig. 12 — Input-voltage test circuit. 
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CD40100B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (®C) 
Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at -40, +25; +85 Apply to E Package 

UNITS 

Vo 

(V) 

V|N 

(V) 

VdD 

(V) 


+25 


Ba 

+85 



Typ. 


Quiescent Device 
Current, 

IDD Max. 

- 

1S3 

5 

El 

m 

150 

1^1 

- 

0.04 

5 

mA 

- 

0,10 

10 

MSM 

wm 


EEI 

- 

ESaI 

mm 

- 

Eia 

■a 


KB 

600 

600 

- 


IQQI 

- 

0,20 

20 

100 

100 

3000 


- 

0.08 

100 

Output Low 
(Sink) Current 
Iql Min. 

0.4 


5 




ESSi 


1 

- 

mA 

0.5 

EIBi 

10 

1.6 

1.5 

1.1 

IQI 

IB 


- 

1.5 


■a 

■9 

4 

2.8 

mM 

EQI 

6.8 

- 

Output High 
(Source) 

Current, 

Iqh Min. 

mm 

BHi 

B 



-0.42 



-1 

- 

j^m 

Ba 

5 

-2 

BEI 

bb 

BBS 

HBl 

moi 

- 

9.5 


■El 

bq 

hq 

OB 


BB 

BEI 

- 



■a 

bb 

-4 

isa 

mi 

ESI 

bb 

- 

Output Voltage; 
Low-Level, 

Vql Max. 

- 

BS 

B 

0.05 


0 


V 

- 

QQ 

B 

0.05 

- 

0 

0.05 

- 

inrei 

■a 

0.05 

- 

0 

0.05 

Output Voltage: 
High-Level, 

Vqh Min. 

- 

BIM 

5 

4.95 


5 

- 

- 

EtEl 

■a 

9.95 


10 

- 

- 

QQ 

B 

14.95 

ESI 

15 

- 

Input Low 
Voltage, 

V|L Max. 


- 

5 

1.5 


- 


V 

19 

- 

B 

3 

- 

— 

3 

1.5,13.5 

- 

B 

4 

- 

- 

4 

Input High 
Voltage, 

V|H Min. 


- 

5 

3.5 

IggH 

- 

- 

1.9 

- 

B 

7 

2 

— 

— 


- 

B 

11 

IB 

- 

- 

Input Current 
l|N Max. 

- 


D 




±1 

- 

B 

+0.1 

juA 


20 30 40 50 60 70 80 90 100 110 



(2.717-2.921) 


92CS- 28798 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +76 mils applicable to the nominal 
dimensions shown. 


Dimensions and pad layout for CD40100BH. 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10^^ inch). 
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CD40100B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T/^ = 25°C, Input t^, tf = 20 ns, 

Cl = 50pF, Rl = 200 kO. 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 


^DD 

V 

Min. 

Typ. 

Max. 

Propagation Delay Time: 


5 


360 

720 


Clock to Shift Left/Right 


10 


165 

330 

ns 

Output, tpLH, tpHL 


15 


115 

230 




5 


100 

200 


Transition Time, ^THL' ^TLH 


10 


50 

100 

ns 



15 


40 

80 




5 


50 

100 


Minimum Data Setup Time, tg 


10 


10 

20 

ns 



15 


5 

10 




5 


170 

275 


Minimum Data Hold Time, t|_| 


10 


75 

100 

ns 



15 


50 

75 




5 

1 

2 



Maximum Clock Input Frequency, fQ|_ 


10 

2.5 

5 


MHz 



15 

3 

6 




1 

5 


225 

450 


Minimum Clock Input Pulse Width: 


10 


115 

230 

ns 

Low Level, t\^\_ 


15 


95 

190 




5 


140 

280 


High Level, tyy^ 


10 


75 

150 

ns 



15 


70 

140 


Input Capacitance, C|f\| 

Any Input 

- 


5 

7.5 

pF 




}— RECIRCULATE CONTROL 


NC = NO CONNECTION 
9ZCS- 27560 


TERMINAL ASSIGNMENT 
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CD40101B Types 


CMOS 9-Bit Parity 
Generator/Checker 

High-Voltage Types (20-Volt Rating) 


The RCA-CD40101B is a 9-bit (8 data bits 
plus 1 parity bit) parity generator/checker. 
It may be used to detect errors in data trans- 
mission or data retrieval. Odd and even 
outputs facilitate odd or even parity genera- 
tion and checking. 

When used as a parity generator, a parity 
bit is supplied along with the data to generate 
an even or odd parity output. 

When used as a parity checker, the received 
data bits and parity bits are compared for 
correct parity. The even or odd outputs are 
used to indicate an error in the received 
data. 

Word-length capability is expandable by 
cascading. The CD40101B is also provided 
with an inhibit control. If the inhibit control 
is set at logical “1", the even and odd out- 
puts go to a logical "0". 

The CD40101B types are supplied in 14- 
lead dual-in-line ceramic packages (D and F 
suffixes), 14-lead dual-in-line plastic pack- 
ages (E suffix), 14-lead ceramic flat pack- 
ages (K suffix), and in chip form (H suffix). 


TERMINAL ASSIGNMENT 


Features: 

■ 100% tested for maximum quiescent 
current at 20 V 

■ Maximum input current of 1 juA at 
18 V over full package-temperature 
range; 100 nA at 18 V and 25°C 

■ Noise margin (full package-temperature 

range): 1 V at Vpo = 5 V 

2 Vat Vdd = 10 V 
2.5 Vat Vdd = 15.V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Standardized, symmetrical output 
characteristics 

■ Meets all requirements of JED EC 
Tentative Standard No.13A, '"Standard 
Specifications for Description of 'B' 
Series CMOS Devices." 



FUNCTIONAL DIAGRAM 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vqd) 

(Voltages referenced to Vss Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0-5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq): 

For T^ = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T^ = +60 to +85° C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T^ = -55 to +100°C (PACKAGE TYPES D. F, K) 500 mW 

For = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR; 

For T^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H -55to+125°C 

PACKAGE TYPE E -40 to +85° C 

STORAGE TEMPERATURE RANGE (Tstg) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16± 1/32 Inch (1.59± 0.79 mm) from case for 10 s max +265°C 


01 

02 

03 

04 
09 

000 OUT 
Vss 


TOP VIEW 

9JCS-J7J98 



RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply- Voltage Range (For T/\ = 

Full Package-Temperature Range) 

1 

3 

18 

V 



Truth Table 


Inputs 

Outputs 

D1-D9 

Inhibit 

Even 

Odd 

2l's=Even 

0 

1 

0 

M 

O 

a. 

a. 

0 

0 

1 

riKz 

1 

0 

0 


X = Don't Care 
Logic 1 = High 
Logic 0 = Low 
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CD40101B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (OC) 
Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at —40, +25, +85 Apply to E Package 

UNITS 

Vo 

(V) 

V|N 

(V) 

VdD 

(V) 


+25 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 

Quiescent Device 
Current, 

IDD Max. 

- 

0,5 

5 

5 

5 

150 

150 

- 

0.04 

5 

pA 

- 

0,10 

10 

10 

10 

300 

300 

- 

0.04 

10 

- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 

- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

Output Low 
(Sink) Current 
Iql Min. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

iimi 

1 

- 


0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

■a 


- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

EH 

6.8 

- 

Output High 
(Source) 

Current, 
lOH Min. 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 


- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 


- 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Voltage: 
Low-Level, 

Vql Max. 

- 

0,5 

5 

0.05 

- 

0 



- 

0,10 

10 

0.05 

- 

0 


- 

0,15 

15 

0.05 

- 

0 


Output Voltage: 
High-Level, 

VqH Min. 

- 


a 

4.95 

4.95 

5 

- 

- 

EIQ 

■El 

9.95 

9.95 

mm 

- 

- 

QQ 

m 

14.95 


15 

- 

Input Low 
Voltage, 

V|L Max. 


MM 

5 

1.5 


- 

IB 


1,9 

- 

■a 

3 

- 

- 

3 


mi 

■a 

4 

- 

- 

4 

Input High 
Voltage, 

V|H Min. 


Bl 

5 

3.5 


- 

- 

1, 9 

- 

m 

7 

7 

— 

— 

1.5,13.5 

- 

■a 

11 

■B 

- 

- 




D 





B 

m 


/iA 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 250C; Input tp tf = 20 ns, 

CL = 50pF, Rl = 200 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 


VdD 

(V) 

Typ. 

Max. 

Data Propagation Delay Time, 
tPHL, tPLH 


5 

10 

15 

350 

150 

100 

700 

300 

200 

ns 

Inhibit-to-Output Propagation 
Delay Time, tpHL, tPLH 


5 

10 

15 

140 

70 

50 

280 

140 

100 

Transition Time, tj|_| tjL|-| 


5 

10 

15 

100 

50 

40 

200 

100 

80 

Input Capacitance, C^^ 

Any Input 


5 

7.5 

pF 



Fiq.2 — Typical output tow (sink) 
curren t charac ten's tics. 
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0 5 10 15 

DRAIN-TO-SOURCE VOLTAGE (VdS)— V 

92CS-24SI9RI 


Fig.3 — Minimum output low (sink) 
current characteristics. 

ORAIN-TO-SOURCE VOLTAGE (Vqs)— V 



Fig.4 - Typical output high (source) 
current characteristics. 


DRAIN-TO-SOURCE VOLTAGE (Vds)— V 



Fig. 5 — Minimum output high (source) 
current characteristics. 
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CD40101B Types 



Fig.6 — Typical propagation delay time as a function 
of load capacitance. 
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LOAD CAPACITANCE (Cl) — pF 

92CS-24322 

Fig. 7 — Typical transition time as a function 
of load capacitance. 



Fig. 8 — Typical dynamic power dissipation as 
a function of input frequency. 


'^DD 



Fig.9 — Dynamic power dissipation 
test circuit. 



Fig. 10 — Quiescent-device- 
current test circuit. 


^DD 


INPUTS 


Vqd 

Mi)-- 

Vss 


T 

Vss 


NOTE: 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH Vqd ANO Vss’ 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vdd 0*^ Vss ■ 


92CS-27402 

Fig. 11 — Input-leakage 
current. 


VdO 



Fig. 12 - Input-voltage 
test circuit. 



The photographs and dimensions ol each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should considers tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~^ inch). 








CD40102B, CD40103B Types 


CMOS 8-Stage 
Presettable Synchronous 
Down Counters 

High-Voltage Types (20-Volt Rating) 

CD40102B - 2-Decade BCD Type 
CD40103B — 8-Bit Binary Type 


The RCA-CD40102B, and CD40103B con- 
sist of an 8-stage synchronous down counter 
with a single output which is active when the 
internal count is zero. The CD40102B is con- 
figured as two cascaded 4-bit BCD counters, 
and the CD40103B contains a single 8-bit 
binary counter. Each type has control inputs 
for enabling or disabling the clock, for clear- 
ing the counter to its maximum count, and 
for presetting the counter either synchro- 
nously or asynchronously. All control inputs 
and the CARRY-OUT/ZERO-DETECT out- 
put are active-low logic. 

In normal operation, the counter is decre- 
mented by one count on each positive tran- 
sition of the CLOCK. Counting is inhibited 
when the CARRY-IN/COUNTER ENABLE 
(CI/CE) input is high. T he CARRY-OUT/ 
ZERO-DETECT (CO/ZD) output goes low 
when the count reaches zero if the CI/CE 
input is low, and remains low for one full 
clock period. 


Features: 

■ Synchronous or asynchronous preset 

■ Medium-speed operation: fcL ~ 

3.6 MHz (typ.) @ Vdd = 10 V 

■ Cascadable 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 juA at 18 V 
over full package-temperature range; 100 
n A at 18 V and 2S^C 

■ Noise margin (full package-temperature 

range) = 1 V at Vqd = 5 V 

2 Vat Vdd = 10 V 
2.5 Vat Vdd = 15 V 

■ Standardized, symmetrical output 
characteristics 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Ten- 
tative Standard No.13A, ''Standard 
Specifications for Description of 'B' 

Series CMOS Devices" 

Applications: 

■ Divide-by-"N" counters 

■ Programmable timers 

■ Interrupt timers 

■ Cycle/program counter 


SPE 

AP|_ 

CI/CE 

CUR 


JAM 

JO 



CLOCK I 


CD40102B, CD40103B 
FUNCTIONAL DIAGRAM 


RECOMMENDED OPERATING CONDITIONS AT T^ = 25°C, Unless Otherwise Specified 

For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges. 


When SYNCHRONOUS PRESET-ENA- 
BLE (SPE) input is low, data at the JAM in- 
put is clocked into the counter on the next 
positive clo ck tran sition regardless of the 
state of the CI/CE input. When th e AS YN- 
CHRONOUS PRESET-ENABLE (APE) in- 
put is low, data at the JAM inputs is asyn- 
chronously forced into the cou n ter reg ard- 
less of the state of the SPE, CI/CE, or 
CLOCK inputs. JAM inputs JO-J7 represent 
two 4-bit BCD words for the CD40102B and 
a single 8-bit binary word for the CD40103B. 
When the CLEAR (CLR) input is low, the 
counter is asynchronously cleared to its 
maximum count (SQ-jo for the CD40102B 
and 255-10 fo*" the CD40103B) regardless of 
the state of any other input. The precedence 
relationship between control inputs is indi- 
cated in the truth table. 

If all control inputs except CI/CE are high at 
the time of zero count, the counters will 
jump to the maximum count, giving a count- 
ing sequence of 1 00 or 256 clock pulses long. 
The CD40102B and CD40103B may be cas - 
caded using the Cl/CE input and the CO/ZD 
output, in either a synchronous or ripple 
mode as shown in Figs. 21 and 22. 

The CD40102B and CD40103B types are 
supplied in 16-lead hermetic dual-in-line 
ceramic packages (D and F suffixes), 16- 
lead dual-in-line plastic packages (E suffix), 
16-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 


Characteristic 

Vdd 

LIMITS 

Units 

Min. 

Max. 

Supply Voltage Range (AiTa = Full Package- 





Temperature Range) 


3 

18 

V 


5 

300 

- 


Clock Pulse Width, ty^ 

10 

180 

- 

ns 


15 

80 

- 



5 

320 

- 


Clear Pulse Width, tyy 

10 

160 

- 

ns 


15 

100 

- 



5 

360 

- 


APE Pulse Width, tyy 

10 

160 

- 

ns 


15 

120 

- 



5 

- 

0.7 


Clock Input Frequency, fQ|_ 

10 

- 

1.8 

MHz 


15 

- 

2.4 



5 

- 



Clock Rise and Fall Time, t^CL, t^CL 

10 

- 

15 

AS 


15 

- 




5 

280 

- 


SPE Setup Time, tsu 

10 

140 

- 

ns . 


15 

100 

~ 



5 

200 

- 


Jam Setup Time, t 5 y 

10 

80 

- 

ns 


15 

60 

- 



5 

500 

- 


CI/CE Setup Time, t 3 jj 

10 

250 

- 

ns 


15 

150 

— 
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CD40102B, CD40103B Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vdd) 

(Voltages referenced to Vss Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pp): 

For T^ = -40 to +60° C (PACKAGE TYPE E) 500 mW 

For T^ = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T^ = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

For T^ = +100 to +125°C (PACKAGE TYPES D. F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

ForTy^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H ! -55to+125°C 

PACKAGE TYPE E -40to+85°C 

STORAGE TEMPERATURE RANGE (Tstg) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (^C) 
Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at -40, +25, +85 Apply to E Package 

UNITS 


V|N 

(V) 

Vdd 

(V) 



+25 


Bl 




Typ. 


Quiescent Device 
Current, 

IDD Max. 



5 

WM 

mm 


193 

Hi 

0.04 

5 

/iA 

- 

Ena 

■El 

■a 

■El 


griTii 

- 

1^91 

■H 

- 

Eia 

■a 

IQH 

mm 

mm 

mm 

- 

EEikl 

urn 

- 

EBl 


IQI 


IHEI 

191 




Output Low 
(Sink) Current 
Iql Min. 

0.4 




imi 

129 

msmim 

imi 


- 


0.5 

QQ 

m 

■a 

■a 

m 

99 

■a 

H9I 

- 

1.5 

Eia 

mm 




El 

EDI 

6.8 

- 

Output High 
(Source) 

Current, 

Iqh Min. 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 

0,5 

5 

-2 

-1.8 

--1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Voltage: 
Low-Level, 

Vql Max. 

- 

0.5 

5 

0.05 

- 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output Voltage: 
High-Level, 

Vqh Min. 

- 

0,5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage, 

V|L Max. 

0.5, 4.5 

- 

5 

1.5 

— 

- 

1.5 

V 

1, 9 

- 

10 

3 

- 

- 

3 

1.5,13.5 

- 

15 

4 

- 

- 

4 

Input High 
Voltage, 

V|H Min. 

0.5, 4.5 

- 

5 

3.5 

3.5 

- 

- 

1, 9 

- 

10 

7 

7 

- 

— 

1.5,13.5 

- 

15 

11 

11 

- 

- 

Input Current 
l|N Max. 

- 

0,18 

18 

±0.1 

— 

±0.1 

±1 

±1 

- 

±10“5 

±0.1 

pA 



Fig. 1 — Typical output low (sink) current 
characteristics. 
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Fig. 2 — Minimum output low (sink) current 
characteristics. 
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Fip. 3 — Typical output high (source) current 
characteristics. 


DRAIN-TO-SOURCE VOLTAGE (Vos)— V 



Fig. 4 — Minimum output high (source) current 
characteristics. 


388 




















CD40102B, CD40103B Types 




Fig. 12 — Logic diagram for CD40102B. 










CONTROL INPUTS 


PRESET 

MODE 


ACTION 



hh 



Synchronous 

Inhibit counter 

rxn 




Count down 

D 

a 


D 

Preset on next positive 
clock transition 

1 

0 

X 

|||||[9i 

Asynchronous 

Preset asynchronously 

0 

X 

X 

nn 

Clear to maximum count 


Notes: 1. 0 = Low level 

1 = High level 
X = Don't care 


2. Clock connected to clock input 

3. Synchronous operation; changes occur on negative*to* 
positive clock transitions 

4. JAM inputs: CD40102B BCD; MSD = J7,J6,J5,J4 (J7 is MSB) 

LSD = J3,J2,J1,J0 (J3 is MSB) 
CD40103B Binary; MSB = J7, LSB = JO 












CD40102B, CD40103B Types 


ci 


CL 

CL 

SPE 


CLR- 

7^- 


CLR- 



TO GATING 


TO GATING 


92CM-28ar4 


Fig. 14 — Detail logic diagram for flip-flops, FFO — FF7, 

used in logic diagrams for CD40102B and CD40103B. 
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Fig. 15 — Timing diagram for CD40102B and CD40103B. 
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CD40102B, CD40103B Types 



Fig. 16 — Maximum dock frequency 
test circuit. 


Fig. 17 — Dynamic power dissipation test circuit 
(■^2 mode). 




92CS-277I5 


Fig. 19 - Programmable timer. 


Fig.20 — Microprocessor interrupt timer. 



Fig. 18 — Divide-by-‘'N" counter. 


CLOCK 

ENABLE 

INPUT 

CLOCK 



OUTPUT 


* An output spike (160 ns @ Vdd = 5 V) occurs 
whenever two or more devices are cascaded in 
the parallel-clocked mode because the clock-to- 
carry out delay is greater than the carry-in-to- 
carry out delay. This spike is eliminated by 
gating the output of the last device with the 
clock as shown. 


Fig. 21 — Synchronous cascading. 



Fig.22 — Ripple cascading. 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~^ inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individuai chips, the angie of 
cieavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


Dimensions and pad layout for CD401 02 B. 


Dimensions and pad layout for CD40103B. 










CD40104B, CD40194B Types 


CMOS 4-Bit Bidirectional 
Universal Shift Register 

High-Voltage Types (20 Volt Rating) 

The RCA-CD40104B is a universal shift 
register featuring parallel inputs, parallel 
outputs, SHIFT RIGHT and SHIFT LEFT 
serial inputs, and a high-impedance third 
output state allowing the device to be us- 
ed in bus-organized systems. 

in the parallel-load mode (SO and S1 are 
high), data is loaded into the associated 
flip-flop and appears at the output after 
the positive transition of the CLOCK in- 
put. During loading, serial data flow is in- 
hibited. Shift-right and shift-left are ac- 
complished synchronously on the 
positive clock edge with serial data 
entered at the SHIFT RIGHT and SHIFT 
LEFT serial inputs, respectively. Clearing 
the register is accomplished by setting 
both mode controls low and clocking the 
register. When the output enable input is 
low, all outputs assume the high im- 
pedance state. 

The RCA-CD40194B is a universal shift 
register featuring parallel Inputs, parallel 
outputs SHIFT RIGHT and SHIFT LEFT 
serial inputs, and a direct overriding clear 
input. In the parallel-load mode (SO and S1 
are high), data is loaded into the 
associated flip-flop and appears at the 
output after the positive transition of the 
CLOCK input. During loading, serial'data 
flow is inhibited. Shift right and shift left 
are accomplished synchronously on the 
positive clock edge with data entered at 
the SHIFT RIGHT and SHIFT LEFT serial 
inputs, respectively. Clocking of the 
register is Inhibited when both mo de con- 
trol Inputs are low. When low, the RESET 
input resets all stages and forces all out- 
puts low. 


Features: 

■ Medium-speed: fcL = 12 MHz. 

(typ.) @ Vdd = 10 V 

■ Fully static operation 

■ Synchronous parallel or serial operation 

■ Three-state outputs (CD40104B) 

■ Asynchronous master reset (CD40194B) 

■ Standardized, symmetrical output 
characteristics 

■ 5-V, 10-V, and 15-V parametric 
ratings 

■ Meets all requirements of JEDEC 
Tentative Standard No. 13A, *'Stan- 
dard Specifications for Descrip- 
tion of ‘B’ Series CMOS Devices 


Applications: 

m Arithmetic unit bus reaisters 

■ Seriai/parailei conversions 

■ General-purpose register for bus- 
organized systems 

■ General-purpose registers 


The CD40104B and CD40194B types are 
supplied in 16-iead ceramic dual-in-line 
packages (D and F suffixes), 16-lead dual- 
in-line plastic packages (E suffix), 16-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix). 

The CD40194B is similar to industry types 
340194 and MC40194. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vop) 

(Voltages referenced to Vss Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to VpD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pp): 

For T^ = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T^ = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/®C to 200 mW 

For T^ = -55 to +100‘>C (PACKAGE TYPES D, F, K) 500 mW 

For T^ = +100 to +125'’C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T^): 

PACKAGE TYPES D, F, K, H -55to+125‘*C 

PACKAGE TYPE E -40 to +85" C 

STORAGE TEMPERATURE RANGE (Tstg) -65to+150"C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265®C 



CD40194B 


FUNCTIONAL DIAGRAM 



Fig. 1— Typical n-channel output low (sink) 
current characteristics. 



Fig. 2~-Minimum n-channel output low (sink) 
current characteristics. 
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CD40104B, CD40194B Types 


RECOMMENDED OPERATING CONDITIONS at Ta = 2S^C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so 
that operation is always within the following ranges: 


CHARACTERISTIC 

VDD 

(V) 

LIMITS 

UNITS 

Min. 

Max. 

Supply-Voltage Range (For Package-Temperature Range) 


3 

18 

V 


5 

100 




Setup Time, ts 

10 

70 

_ 


DO, D3, SR|n, SLiNto clock 

15 

50 

— 



5 

400 

— 


SELECT 0, SELECT 1 to clock 

10 

220 

— 



15 

130 

— 



5 

0 



Hold Time, tH 

10 

0 



DO, DOS, SR|n’ SLifsi to clock 

15 

0 

— 

ns 


5 

0 

— 

SELECT 0, SELECT 1 to clock 

10 

0 

— 



15 

0 

— 



5 

180 

— 


Clock Pulse Width, tw 

10 

80 

— 



15 

50 

— 



5 

— 

3 


Clock Input Frequency fCL 

10 

— 

6 

MHz 


15 

— 

8 



5 

1000 

— 


Clock Input Rise or Fall Time, t^CL, tfCL 

10 

100 

— 

pS 


15 

100 

— 



5 

300 

— 


Reset Pulse Width,* twR 

10 

200 


ns 


15 

140 

— 



* For CD40194B series only. 


CONTROL TRUTH TABLE FOR CD40194B SERIES 


CLOCKS 

MODE SELECT 

OUTPUT 

ENABLE 

ACTION 

So 

Si 

-y 

0 

0 

1 

Reset 

.j~ 

1 

0 

1 

Shift right (Qg toward Qg) 


0 

1 

1 

Shift left (Qg toward Qg) 

y 

1 

1 

1 

Parallel load 

X 

X 

X 

0 

Operations occur as shown 
above, but outputs assume high 
impedance 


CONTROL TRUTH TABLE FOR CD40194B SERIES 


CLOCK 

MODE SELECT 


ACTION 

So 

Si 

RESET 

X 

0 

0 

1 

No Change 

J“ 

1 

0 

1 

Shift Right (QO toward Q3) 

J" 

0 

1 

1 

Shift Left (Q3 toward QO) 

J“ 

1 

1 

1 

Parallel Load 

X 

X 

X 

0 

Reset 


DRAIN-TO-SOURCE VOLTAGE (Vos)— V 



Fig. 3— [Typical p-channel output high (source) 
current characteristics. 


DRAIN-TO-SOURCE VOLTAGE (Vos)— V 



92CS-2432IR2 

Fig. 4^iMinlmum p-channel output high (source) 
current characteristics. 




function of load capacitance, 
(CLOCK to Q). 



1 = High level X = Don’t care pig. 6 —Typical transition time as a function 

0= Low level A = Level change of load capacitance. 
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CD40104B, CD40194B Types 



Fig. 8—CD40194B logic diagram. 




















CD40104B, CD40194B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARAC- 

TERISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES 
(“C) 

Values at —55, -f 25, -1-125 Apply 
toD, F, K, H Packages 

Values at —40, + 25, -i- 85 Apply to E 

Package 

U 

N 

1 

T 

S 

Vo 

(V) 

V|N 

(V) 

Vdd 

(V) 

—55 

—40 

+ 85 

+ 125 

+ 25 

Min. 

Typ. 

Max. 

Quiescent 

Device 

Current, 

Idd Max- 

— 

0,5 

5 

5 

5 

150 

150 

— 

0.04 

5 

hA 

— 

0^10 

10 

10 

10 

300 

300 

— 

0.04 

10 

— 

0,15 

15 

20 

20 

600 

600 

— 

0.04 

20 

— 

0,20 

20 

100 

100 

3000 

3000 

— 

.0.08 

100 

Output Low 

(Sink) 

Current, 

Iql Min. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

— 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

— 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 

Output 

High 
(Source) 
Current, 
lOH Min. 

4.6 

0,5 

5 

—0.64 

—0.61 

-0.42 

-0.36 

-0.51 

—1 



2.5 

0,5 

5 

—2 

-1.8 

-1.3 

-1.15 

—1.6 

—3.2 

— 

9.5 

0,10 

10 

— 1.6 

— 1.5 

—1.1 

—0.9 

—1.3 

—2.6 

— 

13.5 

0,15 

15 

—4.2 

—4 

-2.8 

-2.4 

—3.4 

—6.8 

— 

Output Voit- 
age: Low- 
Level, 
VoLMax. 

— 

0,5 

5 

0.05 

— 

0 

0.05 

V 

— 

0,10 

10 

0.05 

— 

0 

0.05 

" 

0,15 

15 

0.05 


0 

0.05 

Output Volt- 
age: High- 
Level, 

VoH Min. 

— 

0,5 

5 

4.95 

4.95 

5 

— 

— 

0,10 

10 

9.95 

9.95 

10 

— 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 

Voltage, 

ViLMax. 

0.5,4.5 

— 

5 

1.5 

— 

— 

1.5 

1,9 

— 

10 

3 

— 


3 

1.5,13.5 

— 

15 

4 

— 

— 

4 

Input High 
Voltage, 

V|H Min. 

0.5, 4.5 

— 

5 

3.5 

3.5 

— 

— . 

1,9 

— 

10 

7 

7 

— 

— 

1.5,13.5 

— 

15 

11 

11 

— 

— 

Input 

Current 
l|N Max. 

- 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10—5 

±0.1 

mA 

3-State 
Output 
Leakage 
Current, 
lOUT Max. 

0,18 

0,18 

18 

±0.4 

±0.4 

±12 

±12 

- 

±10—4 

±0.4 

mA 



Fig. 9— Typical power dissipation as a function 
of frequency. 




92CS-32283 


Fig. 10— Dynamic power dissipation test circuit. 



Fig. 11— Quiescent-device-current test circuit. 
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CD40104B, CD40194B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25®C, 
Input tr, tf = 20 ns, Cl = 50 pF, RL = 2Q0 kQ 


CHARACTERISTIC 

TEST 

CONDITIONS 

LIMITS 

UNITS 


Vdd 

V 

Min. 

Typ. 

Max. 

Propagation Delay Time: 


5 

— 

220 

440 


Clock to Q tpHL« tpLH 


10 

— 

100 

200 




15 

— 

70 

140 


3-State Outputs:* 







High Impedance 


5 

— 

80 

160 


tpZH. tpZL 


10 

— 

35 

70 


tPLZ 


15 

— 

25 

50 




5 

— 

45 

90 


tPHZ 


10 

— 

25 

50 




15 

— 

20 

40 


Output Transition Time 


5 

— 

100 

200 


tTHL tTLH 


10 

— 

50 

100 




15 

— 

40 

80 


Minimum Setup Time: ts 


5 

— 

80 

100 


DO, D3, SR|n, SLifsj to 


10 

— 

35 

70 

ns 

Clock 


15 

— 

20 

50 


SELECT 0, SELECT 1 


5 

— 

200 

400 


to Clock 


10 

— 

110 

220 




15 

— 

65 

130 


Minimum Hold Time: tn 


5 

— 

-65 

0 


DO, D3, SRin, SL|N 


10 

— 

-25 

0 


to Clock 


15 

— 

—15 

0 


SELECT 0, SELECT 1 


5 

— 

—170 

0 


to Clock 


10 

— 

-95 

0 




15 

— 

-55 

0 


Minimum Clock Pulse 


5 

— 

90 

180 


Width tw 


10 

— 

40 

80 




15 

— 

25 

50 


Maximum Clock Input 


5 

3 

6 

— 


Frequency fCL 


10 

6 

12 

— 

MHz 



15 

8 

15 

— 


Maximum Clock Rise or 







Fall Time 


5 

— 

— 

1000 


trCL, tfCL 


10 

— 

— 

100 

pS 



15 

— 

— 

100 


Mininum Reset Pulse 







Width* 


5 

— 

150 

300 


tWR 


10 

— 

100 

200 




15 



70 

14a 


Reset Propagation Delay* 


5 

— 

230 

460 

ns 

tPRHL 


10 

— 

90 

180 




15 

— 

65 

130 


Input Capacitance C|n 

Any Input 

— 

5 

7.5 

pF 


■ For CD40104B series only. * For CD40194B series only. 




92CS-2744IRI 

Fig. 12— Input-voltage test circuit. 


'^DD 

Vss 


1“ 

Vss 


NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH VoD AND Vss' 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vdd OR Vss- 



92C5-27402 

Fig. 13— Input current test circuit. 


TERMINAL DIAGRAMS 


Top View 


OUTPUT ENABLE - 
SHIFT RIGHT IN - 


SHIFT LEFT IN- 

vss- 


I 6 [— Vdd 

15 I — 00 
14 


3 — Q2 
2—03 
I — CLOCK 
0 — SELECT I 
9 — SELECT 0 


TOP VIEW 

92CS- 27546 

CD40104B 


Top View 


RESET 
SHIFT RIGHT 
DO 
0I 
D2 
D3 

SHIFT LEFT 

Vss 

TOP VIEW 92CS-27603 

CD40194B 
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CD40104B, CD40194B Types 



Dimensions and pad layout for CD40104BH 



Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~^ inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +76 mils applicable to the nominal 
dimensions shown. 
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CD40105B Types 


CMOS FIFO Register 

4 Bits X 16 Words 

High-Voltage Types (20-Volt Rating) 

The RCA-CD40105B is a low-power first-in- 
first-out (FIFO) “elastic” storage register 
that can store 16 4-bit words. It is capable of 
handling input and output data at different 
shifting rates. This feature makes it particu- 
larly useful as a buffer between asynchronous 
systems. 

Each word position in the register is clocked 
by a control flip-flop, which stores a marker 
bit. A “1 '' signifies that the position's data is 
filled and a "O" denotes a vacancy in that 
position. The control flip-flop detects the 
state of the preceding flip-flop and com- 
municates its own status to the succeeding 
flip-flop. When a control flip-flop is in the 
“0" state and sees a "1" in the preceding 
flip-flop, it generates a clock pulse that 
transfers data from the preceding four data 
latches into its own four data latches and 
resets the preceding flip-flop to “O". The 
first and last control flip-flops have buffered 
outputs. Since all empty locations “bubble" 
automatically to the input end, and all valid 
data ripple through to the output end, the 
status of the first control flip-flop (DATA- 
IN READY) Indicates if the FIFO is full, 
and the status of the last flip-flop (DATA- 
OUT READY) indicates if the FIFO con- 
tains data. As the earliest data are removed 
from the bottom of the data stack (the out- 
put end), all data entered later will automati- 
cally propagate (ripple) toward the output. 

Loading Data — Data can be entered when- 
ever the DATA-IN READY (DIR) flag is 
high, by a low to high transition on the 
SHIFT-IN (SI) input. This input must go low 
momentarily before the next word is accepted 
by the FIFO. The DIR flag will go low 
momentarily, until the data have been trans- 


Features: 

■ Independent asynchronous inputs and outputs 

■ 3-state outputs ■ Expandable In either direction 

■ Status indicators on input and output ■ Reset capability 

■ Standardized, symmetrical output characteristics 

■ 100% tested for quiescent current at 20 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Maximum input current of 1 /iA at 18 V 
over full package-temperature range; 

100 nA at 18 V and 25^0 

■ Noise margin (over full package-temperature 
range): 1VatVQQ = 5V 

2VatVDD = 10V 2.5 V at Vqq = 15 V 



■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 


ferred to the second location. The flag will 
remain low when all 16-word locations are 
filled with valid data, and further pulses on 
the SI input will be ignored until DIR goes 
high. 

Unloading Data - As soon as the first word 
has rippled to the output, DATA-OUT 
READY (DOR) goes high, and data can be 
removed by a falling edge on the SO input. 
This falling edge causes the DOR signal to 
go low while the word on the output is 
dumped and the next word moves to the 
output. As long as valid data are available 
in the FIFO, the DOR signal will go high 
again signifying that the next word Is ready 
at the output. When the FIFO is empty, 
DOR will remain low, and any further 
commands will be ignored until a “1 " marker 
ripples down to the last control register, 


Applications: 
n Bit rate smoothing 
B CPU/terminal buffering 
B Data communications 

■ Peripheral buffering 

■ Line printer input buffers 
Q Auto dialers 

o CRT buffer memories 
B Radar data acquisition 

when DOR goes high. Unloading of data is 
inhibited while the 3-state control input is 
high. The 3-state control signal should not be 
shifted from high to low (data outputs 
turned on) while the SHIFT-OUT is at logic 
0. This level change would cause the first 
word to be shifted out (unloaded) immedi- 
ately and the data to be lost. 

Cascading - The CD40105B can be cascaded 
to form longer registers simply by connecting 
the DIR to SO and DOR to SI. In the cas- 
caded mode, a MASTER RESET pulse must 
be applied after the supply voltage is turn^ 
on. For words wider than 4 bits, the DIR 
and the DOR outputs must be gated together 
with AND gates. Their outputs drive the 
SI and SO inputs in parallel, if expanding 
is done in both directions (see Figs. 4 and 5). 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vopj 

(Voltages referenced to Vss Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vpp +0-5 V 

DC INPUT CURRENT, ANY ONE INPUT ^ ±10 mA 

POWER DISSIPATION PER PACKAGE (Pp): 

For T^ = -40 to +60° C (PACKAGE TYPE E) 500 mW 

For T^ = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T^ = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

For T^ = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For T^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H -55 to +125° C 


3-State Outputs - In order to facilitate data 
busing, 3-state outputs are provided on the 
data output lines, while the load condition 
of the register can be detected by the state 
of the DOR output. 

Master Reset — A high on the MASTER 
RESET (MR) sets all the control logic marker 
bits to “0". DOR goes low and DIR goes 
high. The contents of the data register are 
not changed, only declared invalid, and will 
be superseded when the first word is loaded. 
The shift-in must be low during Master Reset. 
The CD40105B types are supplied in 16- 
lead hermetic dual-in-line ceramic pack- 


PACKAGE TYPE E 


-40 to +85°C ages (D and F suffixes), 16-lead dual-in-line 


STORAGE TEMPERATURE RANGE (Tgtg) 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from case for 10 s max. 



plastic packages (E suffix), 1 6-lead ceramic 
flat packages (K suffix), and in chip form (H 
suffix). 



+265° C 





CD40105B Types 


RECOMMENDED OPERATING CONDITIONS at 250C, Except as Noted 

For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges: 


CHARACTERISTIC 

Vdd 

(V) 

LIMITS 

UNITS 

Min. 

Max. 

Supply- Voltage Range (For T/^ = Full Package- 





Temperature Range) 

- 

3 

18 

V 


5 

- 

1.5 


Shift-In or Shift-Out Rate 

10 

- 

3 

MHz 


15 

- 

4 



5 

200 

— 


Shift-In Pulse Width (Pin 3) 

10 

80 

- 

ns 


15 

60 

- 



5 

180 

_ 


Shift-Out Pulse Width (Pin 15) 

10 

75 

— 

ns 


15 

55 

- 



5 

— 

15 


Shift-In or Shift-Out Rise Time 

10 

- 

15 

jUS 


15 

- 

15 



5 

_ 

15 


Shift-In Fall Time 

10 

- 

15 

ps 


15 

- 

15 



5 

_ 

15 


Shift-Out Fall Time 

10 


5 

jUS 


15 

- 

5 



5 

350 

_ 


Data Hold Time 

10 

150 

- 

ns 


15 

120 

- 



5 

220 

_ 


Master Reset Pulse Width 

10 

90 

- 

ns 


15 

60 

- 





Fig. 2 - CD40105B functional block diagram. 



Fig. 3 — Expansion, 4-bits wide-by-16 N-bits long. 



Fig. 4 — Typical output low (sink) current 
characteristics. 





Fig. 5 — Minimum output low (sink) 
current characteristics. 


Fig. 1 — Logic diagram for the CD4010SB. 


























CD40105B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T^ = 25°C; 
Input = 20 ns. Cl = 50 pF, Rl = 200 k^2 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 



Vdd<vi 

Min. 

Typ. 

Max. 


Propagation Delay Time: 


5 

- 

185 

370 


Shift-Out or Reset to Data-Out 


10 

- 

90 

180 

ns 

Ready, ^PHL 


15 

- 

65 

130 




5 

- 

160 

320 


Shift-In to Data-In Ready, tp|_|L 


10 

- 

65 

130 

ns 



15 

- 

45 

90 


Shift-Out to Qp Out, 


5 

- 

485 

970 




10 

— 

190 

380 

ns 

tPHL. tPLH 


15 

- 

125 

250 


3-State Control to Data Out 


5 

- 

140 

280 


tpZH- tpZL 


10 

15 

- 

60 

40 

120 

80 

ns 



5 

— 

100 

200 


tpHZ« tPLZ 


10 

- 

50 

100 

ns 



15 

- 

40 

80 


Ripple-Through Delay Input to Output, 


5 

10 


2 

1 

4 

2 

ps 

tpLH 


15 


0.7 

1.4 




5 


100 

200 


Transition Time, tTHL''^TLH 


10 


50 

100 

ns 



15 

- 

40 

80 


Maximum Shift-In or Shift-Out Rate, 


5 

1.5 

3 

- 


f, 


10 

3 

6 

— 

MHz 

'1 


15 

4 

8 

- 


Minimum Shift-In Pulse Width, 


5 

- 

100 

200 




10 

— 

40 

80 

ns 

(Pin 3) tw 


15 

- 

30 

60 


Minimum Shift-Out Pulse Width, 


5 

- 

90 

180 




10 

— 

35 

75 

ns 

(Pin 15) *WL 


15 

- 

25 

55 


Maximum Shift-In or Shift-Out Rise 


5 

- 

- 

15 


Time, t,. 


10 



15 

MS 



15 

- 

- 

15 


Maximum Shift-In Fall Time, 


5 

- 

- 

15 


tr 


10 

— 

— 

15 

MS 

•^f 


15 

- 

- 

15 


Maximum Shift-Out Fall Time, 


5 

- 

- 

15 




10 

— 

— 

5 

MS 

^f 


15 

- 

- 

5 




5 

- 

_ 

0 


Minimum Data Setup Time, t5u 


10 

- 

- 

0 

ns 



15 

- 

- 

0 




5 

- 

175 

350 


Minimum Data Hold Time, tpj 


10 

— 

75 

150 

ns 



15 

- 

60 

120 




5 

- 

260 

520 


Data-In Ready Pulse Width, twwi 


10 

- 

100 

200 

ns 

(Pin 2) 


15 

- 

70 

140 




5 

- 

220 

440 


Data-Out Ready Pulse Width, 


10 

- 

90 

180 

ns 

(Pin 14) 


15 

- 

65 

130 


Minimum Master Reset Pulse Width, 


5 

- 

100 

200 




10 

— 

45 

90 

ns 

%H 


15 

- 

30 

60 


Input Capacitance C|[sj 

(Any Input) 

- 

- 

5 

7.5 

pF 



TEST ANY COMBINATION 
OF INPUTS 
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Fig. 12 — Input-voltage test circuit. 


Vss 



NOTE 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH Vqo ANOVss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
VddORVss 


92CS-27402 


Fig. 13 — Input current test circuit. 


3- STATE 
CONTROL 
DIR — ^ 



92CS-272e6RI 


TERMINAL ASSIGNMENT 
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CD40105B Types 


I SHIFT-OUT PULSeH 
pHAVE NO EFFECT~T 


outputsJqutput ready 

KDATA VALID) — 


f— ti 

DATA OUT tP (UNKNOWN) T [H — 

*AT Vdd*5V- RIPPLE TIME FROM POSITION I TO POSITION 16 ' 0 ' 

^AT Vdd* 5V-RIPPLE TIME FROM POSITION 16 TO POSITION I 
*DATA VALID goes to high level in advance of the DATA OUT 
by a maximum of 50 ns at Vqd = 5 V, 25 ns at Vqd = 10 
and 20 ns at Vqd = 15 V for Cl = 50 pF and Ta = 25®C. 

Fig. 14 — Timing diagram for the CD40105B. 



"Pulse must be applied for cascading by 16 N bits. 

Fig. 15 — Expansion, 8 bits-wide-by-16 N-bits long using CD40105. 


0 iO 20 30 40 50 60 70 80 90 100 110 120126 




a 100-108 

{2.540-2.743) 




h 4 - 1 0^ 

(0.102-0.254) 

a 123-131 1 

(3.124-3.327) 

Dimension and pad layout for CD40105B. 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 

Dimensions, in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~^ inch). 






CD40106B Types 


CMOS Hex 
Schmitt Triggers 

High-Voltage Types (20-Volt Rating) 


The RCA-CD40106B consists of six Schmitt- 
trigger circuits. Each circuit functions as an 
inverter with Sch mitt-trigger action on the 
input. The trigger switches at different points 
for positive- and negative-going signals. The 
difference between the positive-going voltage 
(VP) and the negative-going voltage (V|\|) is 
defined ashysteresis voltage (V^) (see Fig. 6). 
The CD40106B types are supplied in 14- 
lead hermetic dual-in-line ceramic packages 


Features: 

■ Schmitt-trigger action with no external components 

■ Hysteresis voltage (typ.) 0.9 V at Vqd = 5 V, 2.3 V at 
Vdd = 10 V. and 3.5 V at Vqd = 15 V 

■ Noise immunity greater than 50% 

■ No limit on input rise and fall times 

■ Standardized, symmetrical output characteristics 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 ju A at 18 V over full 
package-temperature range; 100 nA at 18 V and 25°C 

■ Low Vdd fo Vss current during slow 
input ramp 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tentative 
Standard No.13A, “Standard Specifications 
for Description of 'B' Series CMOS Devices" 


A— i-J 


B = 

^>0— ^ — H>B 

C— ^ 


0 5 

^>0-5— J.o 

E-ii— j 



L-? 

Vdd"^ 
Vss -7 

9205-28682 

FUNCTIONAL DIAGRAM 


(D and F suffixes), 14-lead dual-in-line plas- 
tic package (E suffix), 14-lead ceramic flat 
package: (K suffix), and in chip form (H 
suffix). 


Applications: 

■ Wave and pulse shapers 

■ High-noise-envIronment systems 

■ Monostable multivibrators 

■ Astable multivibrators 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vdd) 

(Voltages referenced to Vss Terminal) -0.5 to -t-20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq): 

For T^ = -40 to +60° C (PACKAGE TYPE E) 500 mW 

For T^ = +60 to +85° C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T^ = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

For T^ = +100 to +125''C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 


For T^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 


.lOOmW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H -55to+125°C 

PACKAGE TYPE E -40to+85°C 

STORAGE TEMPERATURE RANGE (Tgtg) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage Range (ForTA 

Full Package-Temperature Range) 

3 

18 

i 

V 



Fig. 1 — Logic diagram 

(1 of 6 Schmitt triggers). 



Fig. 2 — Typical output low (sink) 
current characteristics. 


DYNAMIC ELECTRICAL CHARACTERISTICS 

AtTA= 25^0, Input tr, tf = 20 ns. Cl = 50 pF, Rl = 200 kO, 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 


Q > 
> 

TYP. 

MAX. 

Propagation Delay Time: 


5 

140 

280 


tPHL. 


10 

70 

140 

ns 

tPLH 


15 

60 

120 


Transition Time: 


5 

100 

200 


tTHL. 


10 

50 

100 

ns 

tTLH 


15 

40 

80 


Input Capacitance, C|(S| 

Any Input 


5 

1 

7.5 

pF 



Fig.3 — Minimum output low (sink) 
current characteristics. 
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CD40106B Types 




a) Definition of Vp, b) Transfer characteristics of 1 of 6 gates 

Fig.6 - Hysteresis definition, characteristics, and test set-up. 


DRAIN-TO-SOURCE VOLTAGE (Vos)-V 

-15 -10 -5 0 



Fig.4 - Typical output high (source) 
current characteristics. 



Fig.5 — Minimum output high (source) 
current characteristics. 


— [^>o — 

DRIVER LOAD 

OUTPUT INPUT 

CHARACTERISTIC CHARACTERISTIC 



92CS c'86eO 


Fig.7 — Input and output characteristics. 



Fig. 8 — Typical current and voltage 
transfer characteristics. 
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POWER DISSIPATION (Pq)- 


CD40106B Types 


! SUPPLY VOLTAGE! Vod>‘'5V , 

>° ; 'Jj : ! f 


111 



200 AMBIENT TEMPERATURE (T^l-ZS'C: 


■ 1 .55.C. OTHER 

Ji Lfr2Vc package 

-r-ftT-/ INPUTS T( 

1 1 


all other 

PACKAGE 
INPUTS TO - 
VodORVss 


Fig.9 — Typical voltage transfer characteristics 
as a function of temperature. 


AMBIENT TEMPERATURE (Ta)»25*C , 








,4 /\ 1 Cf50 pF 

\A 1 P^— - 


e 2 468 2 46872 468>2 4684 

I 10 10 10 10 

INPUT FREQUENCY (f ) — kHi 


Fig. 12 - Typical power dissipation per trigger 
as a function of input frequency. 




li m||.l . , , I ijlLiij 


[AMBIENT TEMPERATURE (Ta)*25 


Fig. 10 - Typical propagation delay time as a 
function of load capacitance. 


AMBIENT TEMPERATURE (Ta|. 25«C 
> INPUT ON TERMINALS 1.5,8. 12 OR 2.6.9, 13 , 
I OTHER INPUTS TIED TO Voo 


5 , t I t tt 

i i ! ! i! 


0 5 10 15 20 

SUPPLY VOLTAGE (Voo> — V 

Fig. 13 — Typical trigger threshold voltage as a 
function of supply voltage. 



0 20 40 60 

LOAD CAPACITANCE (Cl) — pF ''''' 

Fig. 11 - Typical transition time as a function 
of load capacitance. 


AMBIENT TEMPERATURE (Ta) 

25 ‘C ; 



^ 1 1 1 1 1 M 1 1 i ^ ' 

i : : : 


::: iii: 

I " 


“r-Ttrp 

:rr -trT 

|| : h .i'Tttt 

li ! = 

1 t . . . 


t 1 if P ^ 


* 1 * » • 

i i 

1 ! 1 i 

! ; ‘t ; 


^rj-Tju 

lllltil] jl j; ijji: 

ttji 

i i i 


liiMH 

till 

T it 

[Eli 


Fig. 14 - Typical per cept hysteresis as a function 
of supply voltage. 


10 10^ 10^ IQA 10* 10* 

RISE AND FALL TIME (l,,l,l— n» 


APPLICATIONS 


:zsz: jut;: 



-|n>o- 

1/6 C040I06B 


T” T" 

rL'” 

1 I Vss 

•m ' RC In ) 

" WOD-Vp/ 

50 kn< R<IMn 
IOOpF<C*l,iF 


Fig. 15 - Typical power dissipation as a function 
of rise and fall times. 


Fig. 16 — Wave shaper. 


Fig.17 - Monostable multivibrator. 


V 

1/6 CD40I06B :jij" 




50 kft < R < I Mft 
100 pF< C< l/iF 


FOR THE RANGE OF R AND C GIVEN 
2/iS < tA <04s 



M£>* 

Vss 



NOTE 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH Voo ANOVss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Voo OR Vcc 


Fig. 18 Astable multivibrator. 


Fig. 19 — Quiescent device current test circuit. 


Fig.20 — Input current test circuit. 


408 








CD40106B Types 


'^00 



Fig.21 - Dynamic power dissipation test circuit. TERMINAL ASSIGNMENT 




Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~^ inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should considers tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 


92CS-35085 


Dimensions and Pad Layout for CD40106BH 
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CD40107B Types 


CMOS Dual 2-Input 
NAND Buffer/Driver 

High-Voltage Type {20-Volt Rating) 

The RCA-CD40107B is a dual 2-input NAND 
buffer/driver containing two independent 2- 
input NAND buffers with open-drain single 
n-channel transistor outputs. This device 
features a wired-OR capability and high 
output sink current capability (136 mA typ. 
at Vdd = 10 V,Vds = 1 V). The CD40107B 
is supplied in the 8-lead dual-in-line plastic 
(Mini-DIP) package (E suffix), 14-lead her- 
metic frit-seal ceramic package (F suffix), 
and in chip form (H suffix). 


Features: 

■ 32 times standard B-Series output current 
drive sinking capability — 136 mA typ. 

@ VpQ = 10 V, Vps = 1 V 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 juA at 18 V 
over full package-temperature range; 
100nAat18Vand25OC 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Noise margin, full package temperature 

range, Rl to Vpp =10 kJ2: 

1VatVDD = 5V 
2Vat VpD= 10 V 
2.5 Vat VpD= 15 V 

■ Meets all requirements of JEDEC Tentative 
Standard No.13A, "'Standard Specifications 
for Description of 'B' Series CMOS Devices" 




TRUTH TABLE 


A 

B 


0 

0 

1* 

z# 

1 


1* 

z# 

0 

1 

1* 

2^ 

1 

1 

0 



♦Requires external 
pull-up resistor 
(Rl_) to Vdd- 
#Without pull-up 
resistor (3-state). 


of2^tes) 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY -VOLTAGE RANGE, (Vdd) 

(Voltages referenced to Vss Terminal) 

INPUT VOLTAGE RANGE, ALL INPUTS 

DC INPUT CURRENT, ANY ONE INPUT 

POWER DISSIPATION PER PACKAGE (Pd) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T^ = -40 to +62.5°C (PACKAGE TYPE E) 

For T^ = +62.5 to +85° C (PACKAGE TYPE E) 

For T^ = -55 to +87.5° C (PACKAGE TYPES F, H) . . 
For T^ = +87.5 to +125°C (PACKAGE TYPES F, H) 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES F, H 

PACKAGE TYPE E 

STORAGE TEMPERATURE RANGE (Tstg) 

LEAD TEMPERATURE (DURING SOLDERING): 


-0.5 to +20 V 

-0.5 to Vdd ® ^ 

±10 mA 

500 mW 

250 mW 

Derate Linearly at 8 mW/°C to 156 mW 

250 mW 

Derate Linearly at 8 mW/°C to 94 mW 

-55 to +1 25° C 

-40 to +85° C 

-65 to +1 50° C 


At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max. 


+265° C 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage Range (For Ta= 

Full Package-Temperature Range) 

3 

18 

V 


Applications 

■ Driving relays, lamps, LEDs 

■ Line driver 

■ Level shifter (up or down) 


1 

AMBIENT TEMPERATURE (Ta)»25*C- -4 

—Tn 

.u:. 

1 






- 1 1 jjjljjlll 1' 1 ^ ’1 Ij 


..k 


|800 

CL 

0 640 

2 

z 

w48C 

5 

3 320 

^160 

o 

I I 1 Ijlffl'l ! GATE-TO-SOURCE voltage (Vgs)*I5 V 

zizt' 

s» s:; 5 HBS 8 »ynfii(sss 3 i 8 ntx 

HllllillillillMi 

SK BSBisniiiiBis 

SKi;»:||u 8 i»|:sK 88 i|iii§s!i 3 

9 BBBBBBBBbBSSbBbS 

« .rdlBBBBBBBBBBBB BBBBBBBBBBBBBBBB 
.•BBBBBBBBBBBaBB BaBBBBBBaaBBBBBa 

I 


I 

j::: 


05 10 15 

DRAIN-TO-SOURCE VOLTAGE (VqsI-V 

92CS-29444Rt 


Fig.2 — Typical output low (sink) 
current characteristics. 



92CS-29445RI 

Fig.3 — Minimum output low (sink) 
current characteristics. 
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CD40107B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25OC,Cl = 50 pF, Inputt^tf = 20 ns 

TEST conditions"! LIMITS 

CHARACTERISTIC IVnn I UNITS 


Propagation Delay: 
High-to-Low, tp^L 


Low-to-High, tpLH f 

Transition Time: ^ 

High-to-Low, tj|_|L 

Low-to-High, tjL|-| F 

Average Input Capacitance, C||V] / 

Average Output Capacitance, CoUT f- 

* Rl is external pull-up resistor to Vdd 



Vdd 

Volts 

Typ. 

Max. 

UNITS 


5 

100 

200 


RL* = 12012 

10 

45 

90 

ns 


15 

30 

60 



5 

100 

200 


Rl* = 12012 

10 

60 

120 

ns 


15 

50 

100 



5 

50 

100 


Rl* = 12012 

10 

20 

40 

ns 


15 

10 

20 



5 

50 

100 


Rl* = 12012 

10 

35 

70 

ns 


15 

25 

50 


Any Input 

5 

7.5 

pF 

Any Output 

30 

- 

pF 



0 10 20 30 40 SO 60 70 30 30 IOC 

LOAD CAPACITANCE (Cl) — pF 

9Z(;S-29437 

Fig.4 - Typical transition time as a function of 
toad capacitance. 


AMBIENT TEMPERATURE (T^) ■ 25»C : . : : 

-^^^Rl-izootovod ::i: 




STATIC ELECTRICAL CHARACTERISTICS 


0 10 20 30 40 50 60 70 80 90 100 

LOAD CAPACITANCE (Cl)-pF 

92CS-29436RI 

Fig. 5 - Typical propagation delay time as a 
function of load capacitance. 


CHARACTER- 

ISTIC 


[ Quiescent Device 
Current 
iDDMax. 

Output Low 
(Sink) Current 
Iql Min. 


Output High 
(Source) 
Current 
IqH Min. 

Input Low 
Voltage 
V|L Max.* 

Input High 
Voltage 
V|H Min.* 

Input Current 
l|(M Max. 

Output Leakage 
Current 
Iqz Max. 


LIMITS AT INDICATED TEMPERATURES (^C) 
CONDITIONS Values at -55, +25, +125 Apply to F,H Packages 

Values at -40, +25, +85 Apply to E Package UNITS 


Vo 

V|N 

Vdd 


i25 

(V) 

(V) 

(V) 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 

- 

0,5 

5 

1 

1 

30 

30 

- 

0.02 

1 

- 

0,10 

10 

2 

2 

60 

60 

- 

0.02 

2 

- 

0,15 

15 

4 

4 

120 

120 

- 

0.02 

4 

- 

0,20 

20 

20 

20 

600 

600 

- 

0.04 

20 

0.4 

0,5 

5 

21 

20 

14 

12 

16 

32 

- 

1 

0,5 

5 

44 

42 

30 

25 

34 

68 

- 

0.5 

0,10 

10 

49 

46 

32 

28 

37 

74 

- 

1 

0,10 

10 

89 

85 

60 

51 

68 

136 

- 

0.5 

0,15 

15 

66 

63 

44 

38 

50 

100 

- 


No Internal Pull-Up Device 


4.5 

- 

5 


1.5 

- 

- 

1.5 


9 

- 

10 


3 

- 

- 

3 


13.5 

- 

15 


4 

- 

- 

4 


0.5, 4.5 

- 

5 


3.5 

3.5 

- 

- 

V 

1,9 

- 

10 


7 

7 

- 

- 


1.5,13.5 

- 

15 


11 

11 

- 

- 


- 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10*5 

±0.1 

pA 

18 

0,18 

18 

2 

2 

20 

20 

_ 

10*4 

2 

pA 


Hi ^ 



INPUT FREQUENCY ( f j ) — KHz 

92CS-29438RI 

Fig.6 — Typical power dissipation as a 
function of input frequency. 



* Measured with external pull-up resistor, Rl = 10 kr2 to Vdd- 


Fig. 7 — Power-dissipation test circuit 
for CD40107BE. 
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CD40107B Types 



92CS-294I0R2 


NOTE: NOS. IN PADS FOR CDAOIOTSE 

NOS. OUTSIDE CHIP FOR CD40I07BF 


Dimensions and Pad Layout for CD40107BH. 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~^ inch}. 



92CS- 2740IRI 

Fig.8 — Quiescent-device 

current test circuit. 


Vss 


T 

Vss 


NOTE. 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH Vqo ANOVss- 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
VdqORVss- 


92CS-27402 


Fig. 9 — Input-current test 
circuit. 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cfeavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +76 mils applicable to the nominal 
dimensions shown. 
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NC 
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NC 
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B — 
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II 

c=7r¥ — 
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NC 
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9 

Vss — 

4 5 

— f-Fe 

Vss — 

7 

8 


TOP VIEW 



TOP 

VIEW 


CD40107BE CD40107BF 

TERMINAL ASSIGNMENTS 




Fig. 10 — Input-voltage 
test circuit. 


Special Considerations for CD40107B 

1. Limiting Capacitive Currents for CL > 
500 pF, Vdd>15 V. 

Por Vdq > 15 V, and load capacitance 
(Cl) from output to ground > 500 pF, 
an external 25 12 series limiting resistor 
should be inserted between the output 
terminal and Cl- No external resistor is 
necessary if Cl < 500 pF or Vdd < 
15 V. 

2. Driving Inductive Loads 

When using the CD40107B to drive in- 
ductive loads, the load should be shunted 
with a diode to prevent high voltages 
from developing across the CD40107B 
output. 
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CD40108B Types 


CMOS 4x4 Multiport 
Register 

High-Voltage Types {20-Volt Rating) 


The RCA-CD40108B is a 4 x 4 multiport 
•egister containing four 4-bit registers, write 
address decoder, two separate read address 
decoders, and two 3-state output buses. 

i/Vhen the ENABLE input is low, the cor- 
responding output bus is switched, inde- 
pendently of the clock, to a high-impedance 
state. The high-impedance third state pro- 
i/ides the outputs with the capability of being 
connected to the bus lines in a bus-organized 
system without the need for interface or 
pull-up components. 

When the WRITE ENABLE input is high, 
all data input lines are latched on the positive 
transition of the CLOCK and the data is 
entered into the word selected by the write 
address lines. When WRITE ENABLE is low, 
the CLOCK is inhibited and no new data is 
entered. In either case, the contents of any 
word may be accessed via the read address 
lines independent of the state of the CLOCK 
input. 

The CD40108B types are supplied In 
hermetic 24-lead dual-ln-llne ceramic 
packages (D and F suffixes). 24-lead dual- 
ln-llne plastic packages (E suffix). 24-l6ad 
ceramic flat packages (K suffix), and in chip 
form (H suffix). 


heatures: 

■ Four 4-bit registers 

■ One input and two output buses 

■ Unlimited expansion in bit and word 
directions 

■ Data lines have latched inputs 

n 3-state outputs 

■ Separate control of each bus, allowing 
simultaneous independent reading of 
any of four registers on Bus A and 
Bus B and independent writing into 
any of the four registers 

■ CD40108B is pin-compatible with 
industry type MCI 4580 

■ Standardized, symmetrical output 
characteristics 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 /jA at 18 V 
over full package-temperature range; 

100 nA at 18 V and 250C 

■ Noise margin (over full package- 
temperature range): 

1 VatVDD = 5 V 
2VatVDD = 10 V 
2.5 Vat Vdd = 15 V 

H 5-V, 10-V, and 15-V parametric ratings 

n Meets all requirements of JEDEC 
Tentative Standard No. 13A, "Standard 
Specifications for Description of 'B' 

Series CMOS Devices" 

Applications: 

■ Scratch pad memories 

■ Arithmetic units 

■ Data storage 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vqd) 

(Voltages referenced to Vss Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0.5 V 

DC INPUT CURRENT, ANYONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq): 

For T^ = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85°C (PACKAGE TYPE E) . 


Derate Linearly at 12 mW/°C to 200 mW 

For = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

For T^ = +100 to +125°C (PACKAGE TYPES D. F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H -55 to +125°C 

PACKAGE TYPE E -40to+85°C 

STORAGE TEMPERATURE RANGE (Tstg) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.5910.79 mm) from case for 10 s max +265°C 
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X 
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FUNCTIONAL DIAGRAM 



WORD A • 
OUTPUT 


WORD 0 
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92CS-.'9200 


F/ff. 1 — Block diagram. 



Fig. 2— Typical output low (sink) 
current characteristics. 



Fig. 3— Minimum output low (sink) 
current characteristics. 
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CD40108B Types 


RECOMMENDED OPERATING CONDITIONS af ==25^0, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

Vdd 

(V) 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply Voltage Range 





(For 1 f\ = Full Package 

- 

3 

18 

V 

Temperature Range) 





Set-Up Time: 

5 

0 

- 


Data to Clock, tg^Q) 

10 

0 

- 

ns 


15 

0 

- 


Write Enable to Clock, 

5 

250 

- 


^S(WE) 

10 

100 

- 

ns 


15 

70 

- 


Write A(Jdress to Clock, 

5 

250 

- 


^S(WA) 

10 

100 

- 

ns 


15 

70 

- 


Hol(d Time: 

5 

220 

- 


Data to Clock, t^iD) 

10 

100 

- 

ns 


15 

80 

- 


Write Enable to Clock, 

5 

270 

- 


^H(WE) 

10 

130 

- 

ns 


15 

80 

- 


Write Address to Clock, 

5 

330 



^H(WA) 

10 

140 

- 

ns 


15 

90 

- 


Clock Input Frequency, 

5 

- 

1.5 


^CL 

10 

- 

3.5 

MHz 


15 

- 

4.5 


Clock Pulse Width, 

5 

350 

- 


CL or WE 

10 

130 

- 

ns 

tw 

15 

90 

- 



5 

- 

15 


Clock Rise or Fall Time, 

10 

- 

5 

JUS 

tpCL or tf CL 

15 

- 

5 





Fig. 5— Typical output high (source) 
current characteristics. 



Fig. 6— Minimum output high (source) 


current characteristics. 



LOAD CAPACITANCE (Cl) - pF 


Fig. 7— Typical propagation delay time as a 
function of load capacitance (CL or 
WE to Q). 



0 20 40 60 80 100 


LOAD CAPACITANCE (Cl) — pF 

Fig. 8— Typical transition time as a function 
of load capacitance. 
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CD40108B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T^ = 2S^C; Input t^^tf = 20 ns. 
Cl = 50pF, Rl= 200 


CHARACTERISTIC 

VdD 

LIMITS 

UNITS 

(V) 

Min. 

Typ. 

Max. 


Propagation Delay Time: 

5 

- 

360 

720 


tPHL'tPLH 

10 

-- 

140 

280 

ns 

Clock or Write Enable to Q 

15 

- 

100 

200 


Read or Write Address to Q 

5 

- 

300 

600 



10 

- 

120 

240 

ns 


15 

- 

85 

170 


3-State Disable Delay Time: 

5 

- 

100 

200 



10 

- 

50 

100 

ns 

^PZH' tpHZ 

15 

- 

40 

80 


^PZL' tPLZ 

5 

- 

130 

260 



10 

- 

60 

120 

ns 


15 

- 

50 

100 


Output Transition Time: 

5 

- 

100 

200 


^THL' ^TLH 

10 

- 

50 

100 

ns 


15 

- 

40 

80 


Minimum Setup Time: 

5 

- 

-95 

0 


Data to Clock t 3 (Q) 

10 

- 

-35 

0 

ns 

15 

- 

-20 

0 



5 

- 

125 

250 


Write Enable to Clock 

10 

- 

50 

100 

ns 

15 

- 

35 

70 



5 

- 

125 

250 


Write Address to Clock 

10 

- 

50 

100 

ns 

15 

- 

35 

70 


Clock Rise and Fall Time: 

5 

- 

- 

15 


t^CL, tfCL 

10 

- 

- 

5 

jUS 


15 

- 

- 

5 


Minimum Hold Time: 

5 

- 

110 

220 


Data to Clock 

10 

- 

50 

100 

ns 

15 

- 

40 

80 



5 

- 

135 

270 


Write Enable to Clock t|_|(yyg| 

10 

- 

65 

130 

ns 

15 


40 

80 



5 

- 

165 

330 


Write Address to Clock t^iWA) 

10 

- 

70 

140 

ns 

15 

- 

45 

90 


Maximum Clock Input Frequency, 

5 

1.5 

3 

_ 


10 

3.5 

7 


MHz 

^CL 

15 

4.5 

9 

_ 


Minimum Clock Pulse Width, 

5 

- 

175 

350 


Clock or Write Enable 

10 

- 

65 

130 

ns 

%(CL) 

15 

- 

45 

90 


Write Address 

5 

- 

150 

300 


%(WA) 

10 

- 

75 

150 

ns 


15 

- 

45 

90 


Average Input Capacitance, 



5 

7.5 

pF 

(Any Input) C| 






INPUT FREQUENCY (fi)-liHi 


92CS- 29216 

Fig. 9— Typical power dissipation as a 
function of input frequency. 



VoD 

MD* 

Vss 


T 

Vss 


NOTE 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH Vqd ANOVss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 

VodO'^Vsj 


92CS 27*02 


Fig. 10— Input leakage current 
test circuit. 


Vdo 



Fig. 11— Quiescent-device-current 
test circuit. 



Voo 

_L 


OUTPUTS 



"} NOTE- 

Vss TEST ANY COMBINATION 

OF INPUTS 


92CS-2744IRI 


Fig. 12— Input-voltage test circuit. 
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CD40108B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES 

Values at -55, +25, +125 Apply to D, F, K, H, Packages 
Values at -40, +25, +85 Apply to E Package 

UNITS 





+25 

-55 

-40 

+85 

+125 

Min. 

Typ. 


Quiescent Device 
Current, 

IDD Max. 

- 


5 

5 

5 

150 

150 

- 

0.04 

5 

/iA 

- 

Bira 

■El 

■El 

10 

300 

300 

- 

0.04 

■El 


EB 

■a 



600 

^SM 

- 

0.04 

mol 




100 

100 

3000 

3000 

- 

0.08 

DEI 

Output Low 
(Sink) Current 
Iql Min. 

0.4 


5 


0.61 

0.42 

EEB 


1 

- 

1 

0.5 


mem 

■a 

1.5 

1.1 


m 

2.6 

- 

1.5 

innsi 

mm 

ma 

4 

2.8 

mm 

EDI 

6.8 

- 

Output High 
(Source) 
Current, 

IQH Min. 

4.6 


5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 

KB 

5 

-2 

-1.8 

-1.3 

-1.15 

hb 


- 

9.5 

liSlil 

■El 

BB 

-1.5 

BD 


HB 


- 



■a 

ea 

-4 

BBI 

Bl 

QQ 


- 

Output Voltage: 
Low-Level, 

Vql Max. 

- 



0.05 

- 


0.05 

1 

- 




- 



- 

QS 

■a 

0.05 

- 

0 

0.05 

Output Voltage: 

High-Level, 

Vqh Min. 

- 

KB 

KB 

4.95 


5 

- 

- 


■a 

9.95 

EBi 

10 


- 


■a 

14.95 


15 

- 

Input Low 
Voltage, 

V|L Max. 

0.5, 4.5 

- 

5 

. 1.5 

— 

- 

1.5 

V 

1, 9 

- 

10 

3 

- 

— 

3 

1.5,13.5 

- 

15 

4 

- 

- 

4 

Input High 
Voltage, 

V|H Min. 

0.5, 4.5 

- 

5 

3.5 

3.5 

- 

- 

1,9 

- 

10 

7 

7 

— 

— 

1.5,13.5 

- 

15 

11 

11 

- 

- 

Input Current 
lirvi Max. 

- 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10“5 

±0.1 

pA 

3-State Output 
Leakage Current 
lOUT Max. 

0,18 

0,18 

18 

±0.4 

±0.4 

±12 

±12 

- 

±10-4 

±0.4 

/iA 



92CS- 27697 

TERMINAL ASSIGNMENT 



Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10~^ inchi. 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 


Dimensions and Pad Layout for CD40108BH 
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CD40109B Types 


CMOS Quad Low-to-High 
Voltage Level Shifter Ft 


High-Voltage Types (20-Volt Rating) 

The RCA-CD40109B contains four low-to- 
high-voltage level-shifting circuits. Each cir- 
cuit will shift a low-voltage digital-logic 
input signal (A, B, C, D) with logical 1 = Vqc 
and logical 0 = Vss to a higher-voltage out- 
put signal (E, F, G, H) with logical 1 = Vqd 
and logical 0 = Vss- 

The RCA-CD40109, unlike other low-to- 
high level-shifting circuits, does not require 
the presence of the high-voltage supply 
(Vdd) before the application of either the 
low-voltage supply (Vcc) or the input sig- 
nals. There are no restrictions on the se- 
quence of application of Vdd» Vcc* or the 
input signals. In addition, with one exception 
there are no restrictions on the relative 
magnitudes of the supply voltages or input 
signals within the device maximum ratings, 
provided that the input signal swings 
between Vss 3od at least 0.7 Vqq; Vqq may 
exceed Vqd, and input signals may exceed 
Vqq and Vqq. When operated in the mode 
Vqq > Vqq, the CD40109 will operate as a 
high-to-low level-shifter. 

The CD40109 also features individual three- 
state output capability. A low level on any 
of the separately enabled three-state output 
controls produces a high-impedance state in 
the corresponding output. 

The CD401 09B-Series types are supplied in 
16-lead ceramic dual-in-line packages (D 
and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-fead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


Applications: 

■ High-or-low level-shifting with three-state 
outputs for unidirectional or bidirectional 
bussing 

■ Isolation of logic subsystems using separ- 
ate power supplies from supply sequenc- 
ing, supply loss and supply regulation 
considerations 


FUNCTIONAL DIAGRAM 
(1 of 4 units) 


Features: 

■ Independence of power supply sequence ^ 

considerations— V qq can exceed Vqq, input 

signals can exceed both Vqq and Vqq 'H~lev 

■ Up and down level-shifting capability I 

■ Three-state outputs with separate enable controls 

■ Standardized, symmetrical output characteristics 

ENABLE A— I 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 (jlA at 18 V 

over full package-temperature range; FUNCTION 

100nAat18Vand25OC 

■ Noise margin (full package-temperature 
range) 

= 1 V at Vqq = 5 V, Vqq = 10 V 
= 2 V at Vqq = 10 V, Vqq = 15 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following ranges: 


CHARACTERISTIC 

Supply-Voltage Range (For Ta = 
Full Package-Temperature Range) 


MAXIMUM RATINGS, Abso/t;fe-Max/mum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vqd) 

(Voltages referenced to Vss Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to Vdq +0 5 V 

DC INPUT CURRENT, ANY ONE INPUT ! ±10 mA 

POWER DISSIPATION PER PACKAGE (Pp): 

For T^ = -40 to +60° C (PACKAGE TYPE E) 500 mW 

For T^ = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T^ = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

For T^ = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T^): 

PACKAGE TYPES D, F, K. H -55 to +125° C 

PACKAGE TYPE E -40to+85°C 

STORAGE TEMPERATURE RANGE (Tgtg) -65 to +150° C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265° C 


I LIMITS I 

MIN. 

MAX. 

3 

18 


TRUTH TABLE 

INPUTS 

OUTPUTS 

A, B, C, D 

ENABLE 

A, B, C, D 

E, F, G, H 

0 

1 

0 

1 

1 

1 

X 

0 

z 


ENABLE A O 

2 ( 7 . 9 , 15 ) 



LOGIC 0 = LOW(Vss) X = DON'T CARE Z = HIGH IMPEDANCE 
LOGIC 1 = Vqc at inputs and VpD at OUTPUTS 



ALL INPUTS PROTECTED 

BY COS/MOS PROTECTION ''SS" 

NETWORK 


Fig. 1 - CD40109B logic diagram (1 of 4 units). 
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CD40109B Types 


STATIC ELECTRICAL CHARACTERISTICS 

’ * LIMITS AT INDICATED TEMPERATURES 

Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at -40. +25, +85 Apply to E Package 

I , , 

-55 I -40 I +85 I +125 Min. I Typ. I Max. 


lAMBIENT TEMPERATURE (Ta)*25*CH 


CHARACTER- 

ISTIC 


Quiescent Device 
Current, 

IDD Max. 


Input Low 
Voltage, 
V|L Max 


Input High 
Voltage, 
V|H Min. 


CONDITIONS 


■■•■■■■•■■■■■■■■■■■■■■■■■■■■■ I 



Output High 

4.6 

0,5 

5 

-0.64 

(Source) 

2.5 

0,5 

5 

-2 

Current, 

I Min 

9.5 

0,10 

10 

-1.6 

■vjrl *''*'**• 

13.5 

0,15 

15 

-4.2 

Output Voltage: 

- 

0.5 

5 


Low-Level, 

^OL Msx. 

- 

0,10 

10 



- 

0,15 

15 




Fig.5 — Minimum output high (source) 
current characteristics. 


AM8IENT TEMPERATURE (Ta)-2S*C 







LOAD CAPACITANCE (C|.]— pF 

9ZCS-24322 

Fig.6 — Typical transition time as a function 
of load capacitance. 






LOAD CAPACITANCE (Cl)— pF 

92CS-29448 

Fig.7 — Typical high-todow propagation delay time 
as a function of load capacitance. 
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CD40109B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T^ = 250C, Input tp tf = 20 ns. 
Cl = 50 pF, Rl = 200 kn unless otherwise specified 


CHARACTERISTIC 

SHIFTING 

Vcc 

VdD 

LIMITS 

UNITS 

MODE 



■Bl 


Propagation Delay - Data Input 




■9 



to Output: 

L-H 


Ha 


440 


High-to-Low Level, tp|_)L 



H9 

180 

360 







ns 


10 







15 






■■I 

15 






■■■ 

5 

10 

9ycii9 

260 




5 

15 

120 

240 


Low-to-High Level, tpLH 

nnm 

10 

15 

70 

140 


■H 

10 

5 

230 

460 

ns 



15 

5 

230 

460 



■■■ 

15 

lJO 

80 

160 


3-State Disable Delay: 





99 


R|_= 1 kn 





■gl 


Output High to High 





919 


Impedance, tp^z 


10 

5 





H-L 

15 

5 






15 

10 


80 





■9 




Output Low to High 









H 




Impedance, tpLZ 








99 

^^9 



















5 

10 

320 

640 



L-H 

5 

15 

230 

460 


High Impedance to 

Output High, tp^H 


10 

15 

180 





5 






5 







10 

130, 

260 




5 


■MS 



High Impedance to 

L-H 

5 

15 

80 



Output Low, tp2L 


10 

15 

40 

80 

ns 


■9 



■■ 











400 




■9 



80 




5 

10 

50 

100 



L-H 

5 

15 

40 

80 


Transition Time, tjHL/ tJLH 


10 

15 

40 

80 

ns 


10 





5 

100 

200 



H-L 

15 

5 

100 

200 




15 

10 

50 

100 


Input Capacitance, C| 


Any Input 

5 

7.5 

pF 


2 

AMBIENT TEMPERATURE (T^ )• 

25* 

LLLLLLLLL 
rl 1 1 1 I m 1 1 










4175 

w|50 

<125 
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0 10 20 30 40 SO 60 70 80 90 100 

LOAD CAPACITANCE (Q.)-pF 


Fig.8 — Typical low-to-high propagation delay time 
as a function of load capacitance. 



2.5 5 75 10 12.5 15 17.5 20 

SUPPLY VOLTAGE (Vqd)-V 

92CS- 29450 


Fig.9 — Typical input switching as a function of 
high-level supply voltage. 
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SUPPLY VOLTAGE (Vcc)-V 

92CS 27649RI 

Fig. 10 — High-level supply voltage v's. 
low-level supply voltage. 



Fig. 11 — Typical dynamic power dissipation as a 
function of input frequency. 
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CD40109B Types 


TEST CIRCUITS 



Fig. 12 — Output enable delay times test circuit and waveforms. 





Fig. 14 - Input voltage. 


Fig. 15 — input current. 


Fig. 16 — Dynamic power dissipation test circuit. 



CD40109B 

TERMINAL ASSIGNMENT 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (1 inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip lace for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightfy from the nominaf 
dimensionsshown. The user should consider a toferance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 



92CS- 36897 


Dimensions and pad layout for CD40109BH. 
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CD40110B Types 


CMOS Decade Up-Down 
Counter/Latch/Display Driver 


High-Voltage Type (20-V Rating) 

DISPLAY 


Oi 


IHi 

iE' 

IBS 


8 


0 I 2 3 4 5 6 

Features: azcs 

■ Separate clock-up and clock-down lines 

■ Capable of driving common cathode LEDs and other 

displays directly 

■ Allows cascading without any external circuitry 

■ 100% tested for quiescent current at 20 V 

m Maximum input current ofIpAatIdV over full package- 
temperature range; 100 n A at 18 V and 25° C 


a 


CLK UP 

9 

CLK DN 

7 

RESET 

_5_ 

TOGGLE 


ENABLE 


LATCH 

ENABLE 

6 


1 a ^ 

(0 

15 b 


14 c 


13 d 


12 e 

6 



3 f 

(O 

2 g 

1 

1 1 BORi 

^OW 

1 10 CARRY 


Vss=8 

92CS-3I375 


FUNCTIONAL DIAGRAM 


The RCA-CD40110B is a dual-clocked up/down counter 
with a special preconditioning circuit that allows the 
counterto be clocked, via positive going inputs, up or down 
regardless of the state or timing (within 100 ns typ.) of the 
other clock line. 

The clock signal is fed into the control logic and Johnson 
counter after it is preconditioned. The outputs of the 
Johnson counter (which include anti-lock gating to avoid 
being locked at an illegal state) are fed into a latch. This 
data can be fed directly to the decoder through the latch or 
can be strobed to hold a particular count while the Johnson 
counter continues to be clocked. The decoder feeds a 
seven-segment bipolar output driver which can source up 
to 25 mA to drive LEDs and other displays such as low- 
voltage fluorescent and incandescent lamps. 

A short durating negative-going pulse appears on the 
BORROW output when the count changes from 0 to 9 or the 
CARRY output when the count changes from 9 to 0. At the 
other times the BORROW and CARRY outputs are a logic 1 . 

The CARRY and BORROW outputs can be tied directly to 
the clock-up and clock-down lines respectively of another 
CD401 10B for easy cascading of several counters. 


■ Noise margin (full package-temperature range) - 

1 VatVDD = 5V 

2 Vat Vdd=^ 0V 
2.5 Vat Vdd= ^5 V 

■ 5 V, 10 V and 15 V parametric ratings 

■ Meets all requirements of JEDEC Tentative Standard 

No. 13B, '‘Standard Specifications for Description of 
‘B‘ Series CMOS Devices”. 

Applications: 

■ Rate comparators 

■ General counting applications where display is desired 

■ Up‘down counting applications where input pulses are 

random in nature 


The CD40110B types are supplied in 16-lead dual-in-line 
ceramic packages (Dand F suffixes), and 16-lead dual-in- 
line plastic package (E suffix), and also available in chip 
form, (H suffix). 



9ECS-29200RI 

Fig. 1 - Functional diagram. 
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CD40110B Types 


MAXIMUM RATINGS, Absolute Maximum Values: 


DC SUPPLY-VOLTAGE RANGE. (Vdd) 

(Voltages referenced to Vss Terminal) 

INPUT VOLTAGE RANGE, ALL INPUTS 

DC INPUT CURRENT, ANY ONE INPUT 

POWER DISSIPATION PER PACKAGE (Pq): 

For Ta = -40 to +60® C (PACKAGE TYPE E) 

ForTA = +60 to +85® C 

(PACKAGE TYPE E) 

For Ta = -65 to +100®C (PACKAGE TYPES D. F) . . . 
ForTA = +100to+125®C 

(PACKAGE TYPES D, F) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For Ta = FULL PACKAGE-TEMPERATURE RANGE 

(All Package Types) 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F. H 

PACKAGE TYPE E 

STORAGE TEMPERATURE RANGE (Tgtg) 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) 
from case for 10 s max 


-0.5 to +20 V 

-0.5 to Vdd V 

±10 mA 

500 mW 

Derate Linearly at 12 mW/°C to 200 mW 
500 mW 

Derate Linearly at 12 mW/® C to 200 mW 


100 mW 

-55 to+125®C 
,.-40 to +85® C 
-65 to +150® C 


+265® C 




RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that operation is always within the following 
ranges: 


CHARACTERISTIC 

Vdd 

LIMITS 

UNITS 


V 

MIN. 

MAX. 


Supply-Voltage Range (For Ta = Full Package Temperature Range) 

- 

3 

18 

V 


5 


1 


Clock Input Frequency fCL 

10 


3 

MHz 

(Sum of CL(jp & CLdn Freqs.) 

15 

B 

5 



5 

110 

B 


Clock Pulse Width tw 

10 

40 



15 

30 

B 



5 

110 

B 


Latch Enable Pulse Width 

10 

30 




15 

24 

B 

ns 


5 

B 

B 


Reset Removal-Time 

10 





15 

m 

B 



5 


B 


Reset Pulse Width 

10 

HI si 




15 

imj^n 

B 
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CD40110B Types 

STATIC ELECTRICAL CHARACTERISTICS 



Characteristic 


Quiescent Device 
Current 
Max. Idd 


Output Voltage 
Low-Level 
Max. Vql 


High-Level ) 
Min. Vqh 


Input Low Voltage 
Max. V(L 


Input High Voltage 
Min. ViH 


7-Segment Outputs 
Output Drive 
Voltage, High 
Min. Vqh 


7-Segment Outputs 
Output Low 
(Sink) Current 
Min. Iql 


Carry Outputs 
Output Low 
(Sink) Current 
Min. Iql 

Output High 
(Source) Current 
Min. Iqh 


Input Current 
Max. I|(sj 



■ 0(10 //A) 
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CD40110B Types 



Fig. 2 - Logic diagram with f Up-flop and output-driver detaiis. 
(cont'd on page 5) 
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CD40110B Types 


Oa 

Qe 

u 



BORROW 



CARRY 

92CL-3I384 



Fig. 2 - Logic diagram with flip-flop and output-driver details. 


DISPLAY SEGMENTS 




92CS-3I376 


92CS-3J377 










CD4011 OB Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25° C, Input tr, t( = 20 ns, Cl = SO pF, Rl = 200 kO 


CHARACTERISTIC 

Vdd 

LIMITS 


(V) 

MIN. I TYP. 


Clock Up/Clock Down 




5 

liBSI 

300 

Propagation Delay Time: 


10 


100 

Clock to Carry or Borrow 

tPLH. tPHL 

15 

O 

70 



5 



Clock to Segment 

tPLH. tPHL 

10 





15 





5 

H 

55 

Minimum Clock Pulse Width 


10 


20 



15 

IBI 

15 



5 

1 

2.5 

Maximum Clock Input Frequency 

^CL 

10 

3 

6 

(Sum of CLup & CLdn H 


15 

5 

8.5 



5 

B 

175 

Minimum Toggle Enable Pulse Width 


10 


75 


15 


55 



5 

B 

55 

Minimum Latch Enable Pulse Width 


10 


15 



15 

bSI 

12 



5 

115 

230 

Output Pulse Width: 


10 

60 

120 

Carry 


15 

40 

75 



5 

140 

275 

Borrow 


10 


130 



15 


85 



5 

B 

85 

Transition Time: 

tTLH. tTHL 

10 


45 

Carry or Borrow 


15 


30 



5 

B 

100 

Minimum Delay Time 


10 


80 

Between CLyp & CLdn 


15 

■1 

60 j 

Maximum Clock Rise or Fall Time 

trCL, tfCL 

5 

10 

H 




15 

B 

— 


Reset 




5 

■jim 


Propagation Delay Time 

tPLH. tPHL 

10 


KH 

Reset to Output 


15 





5 

B 

-275 

Minimum Reset Removal Time 


10 


-100 



15 

b9 

-65 



5 

B 

175 

Minimum Reset Pulse Width 


10 


85 



15 

B 

60 



UNITS 

MAX. 




1300 


700 


320 


0 


0 

ns 

0 


350 


170 


120 




































































CD40110B Types 

TRUTH TABLE 


CLOCK 

UP* 

CLOCK 

DOWN* 

LATCH 

ENABLE 

TOGGLE 

ENABLE 

RESET 

COUNTER 

DISPLAY 


X 

0 

0 

0 

Increments by 1 

Follows Counter 


_r~ 

0 

0 

0 

Decrements by 1 

Follows Counter 

s 


X 

X 

0 

No Change 

No Change 

X 

X 

1 

X 

1 

Goes to 00000 

Remains Fixed 

X 

X 

0 

X 

1 

Goes to 00000 

Follows Counter 

(Display = /j ) 

X 

X 

X 

1 

0 

Inhibited 

Remains Fixed 


X 

1 

0 

0 

Increments by 1 

Remains Fixed 

X 

—T 

1 

0 

0 

Decrements by 1 

Remains Fixed 


X = Don’t Care 1 = High State 0 = Low State 

* Typically 100 ns between clock-up and clock-down positive transitions are required to ensure proper counting. 



Fig. 3- Typical carry or borrow output low {sink) 
current characteristics. 

DRAIN- TO-SOURCE VOLTAGE (Vos)— V 



Fig. 5 - Typical carry or borrow output high 
(source) current characteristics. 



Fig. 4 - Minimum carry or borrow output low 
(sink) current characteristics. 

DRAIN-TO-SOURCE VOLTAGE (Vos)— V 



Fig. 6 - Minimum carry or borrow output high 
{source) current characteristics. 
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[carry OR BORROW TRANSITION TIME 1‘TLH.tTHLl 


AMBIENT temperature(Ta )• 26*c 










0 " 10 20 30 40 50 60 70 80 90 100 

LOAD CAPACITANE (Cl)-pF 

92CS-32846 

Fig. 7 - Typical carry or borrow transition time 
vs. load capacitance. 

2 ambient TEMPERATURE (t^ )• 25-c jii;:;;::: 




iiiii 


0 5 10 15 20 25 30 

OUTPUT SOURCE CURRENT ( lonJ-mA 


Fig. 9 - Voltage across bipolar transistor vs. 
output source current. 


AMBIENT TEMPERATURE (Ta)»25* 


CD4011 OB Types 

A ) - 2 5* l+hff 


“ii;. 


0 20 40 60 80 I 

LOAD CAPACITANCE (Cl)-pF 

92CS-32047 

Fig. 8 - Typical carry or borrow propagation 
delay time vs. load capacitance. 


I AMBIENT TEMPERATURE (Ta)=25*C 



LOAD CAPACITANCE I 

L, 1 I nil mil I iinTTniTTTf 

l^.,2 4 601 2 4 6 8 ,^ 2 4 6 8,^^2 2 4 6 8,^2 4 6 8 ,^4 

CLOCK INPUT FREQUENCYCfr.)— kHz 

9205-32849 

Fig. 10 - Typical dynamic power dissipation vs. 
frequency. 


TEST CIRCUITS 


500 

(Id) 


\\ 




rii ^ 



1 I3 




6 if 


r lo 


8 9 




^DD 

INPUTS 



92CS- 32850 

Fig. 11 - Dynamic power dissipation test circuit. 


Fig. 12 - Quiescent device current. 


Mi>- 

Vss 



NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH V0Q ANOVss- 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vnn ORVoc- 


92CS-27402 

Fig. 13 - Input current. 



NOTE. 

TEST ANY COMBINATION 
OF INPUTS 


92CS-2744IRI 

Fig. 14 - Input voltage. 
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CD40110B Types 


JL 



Jl “T“ 


92CS-32853RI 


Fig. 15 - Cascading diagram. 



92CS-346I7 


Dimensions and pad layout for CD40110B. 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as 
indicated. Grid graduations are in mils {10~^ inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the wafer 
is separated into individual chips, the angle of cleavage may 
vary with respect to the chip face for different chips. The 
actual dimensions of the isolated chip, therefore, may differ 
slightly from the nominal dimensions shown. The user 
should consider a tolerance -3 mils to +16 mils applicable 
to the nominal dimensions shown. 
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Preliminary Data 


CD40117B Types 


Programmable Dual 
4-Blt Terminator 

High-Voltage Types (20-Volt Rating) 

Features: 

■ One standard “B” output will drive eight terminator circuits. 

■ Will terminate a CMOS data bus with up to 40 B-series inputs inputs or 3-state 

outputs connected at Vdd of 5 V. 

■ Input terminals protected by standard "B” series BSD protection network. 

■ Preserves final logic state. 

■ Output after switching is closer to Vdd or Vss rail than with a resistor. 

■ Requires only one solder connection. 

■ Open circuited terminator not used will not affect performance. 

■ Can be connected to any CMOS I/O line. 

■ Draws current only when logic state is changing. 

B Can be preset. 



CONTROL 




/strobe dataN 

A A 

1 1 






lA 






T 



4 PULL-UP OR 


2A 

E 

R 



RESISTORS 


3A 

M 

1 



OR 


4A 

N 

A 






T 




1 B 

0 

R 








4 PULL-UP OR 


2B 

T 



RESISTORS 


3B 

0 

B 



OR 

4 LATCHES 


4B 

U 

S 





E 



1 1 


S 

1 . STROBE DATA 

\ B B / 



control 92CS-35283 

FUNCTIONAL BLOCK DIAGRAM 


The RCA CD401 17B Is a dual 4-bit terminator that can be 
programmed by means of STROBE and DATA control bits 
to function as pull-up or pull-down resistors. The CD401 17B 
can also be programrhed to function as latches to terminate 
any open or unused CMOS logic when used with 3-state 
logic or during a power-down condition. Considerable 
savings in power and board space can be realized when this 
device is used to replace pull-up or pull-down resistors. 
When the STROBE is in the logic “1” state, the terminator 
functions as a pull-up resistor if the DATA input is a logic 
"1” or as a pull-down resistor if the DATA input is a logic “0”. 

When the STROBE is in the logic "0” state, the terminator 
performs the latch function, i.e., it follows the changing 
states of the bus. If the bus goes into the high-Z state or into 
a power-down condition, the latched terminator retains the 
data (“1 ” or “0”) that the bus carried before it switched to the 
high-Z or power-down state. If and when the bus changes 
from the high-Z state to the state opposite to that which the 
latch is storing, the bus will override the latch and the 
terminator will reflect the state on the bus. The small 
geometries chosen for the inverters in the latch allow this 
override mode. When checking the data bus whose last 
state is being preserved by the terminator, a resistorshould 
be used in series with the probe whose input capacitance 
could trip the small latches. The resistance should be in 
excess of the output impedance of the latch, i.e., R should 
be >30 KO at Vdd =10 V. 

The STROBE and DATA inputs in each section can be 
paralleled allowing this device to be used as an 8-bit bus 
terminator. 

The CD40117Btypesare supplied in 14-lead hermeticdual- 
in-line ceramic packages (D and F suffixes), 14-lead dual- 
in-line plastic packages (E suffix), and in chip form (H 
suffix). 


Applications: 

B Error state identification. 

B Replaces pull-up or pull-down resistors 
B Avoids floating inputs in modular systems 
B Sharpens transistors {hysteresis) 

B Anti-bounce circuit 



92CS- 34607 


TERMINAL DIAGRAM 


TRUTH TABLE 


STROBE 

DATA 

1A(B) 

2A(B) 

3A(B) 

4A(B) 

1 

0 

0^ 

0^ 

0^ 

0^ 

1 

1 

V 

V 

V 

r 

0 

X 

* 

* 

* 



1 = High, 0 = Low, X = Don’t Care 

A Equivalent to pull-down resistor. 

+ Equivalent to pull-up resistor. 
‘Equivalent to a latch. 







CD40117B Types 

MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vdd) 

(Voltage referenced to Vss Terminal) 

INPUT VOLTAGE RANGE, ALL INPUTS 

DC INPUT CURRENT. ANY ONE INPUT 

POWER DISSIPATION PER PACKAGE (Po): 

For Ta = -40 to +60® C (PACKAGE TYPE E) 

For Ta = +60 to +85® C (PACKAGE TYPE E) 

For Ta = -55 to 100® C (PACKAGE TYPE D, F) 

For Ta = +100 to +125®C (PACKAGE TYPE D. F) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPE D, F, H 

PACKAGE TYPE E 

STORAGE TEMPERATURE RANGE (Tstg) 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max. . . 


-0.5 to +20 V 

-0.5 to Vdd +0.5 V 

±10mA 

500 mW 

Derate Linearly at 12 mW/®C to 200 mW 

500 mW 

Derate Linearly at 12 mW/®C to 200 mW 

40 mW 

-55 to +1 25® C 

-40 to +85® C 

-65 to +150® C 

+265® C 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that operation is always within the following 
ranges: 


CHARACTERISTIC 

Vdd 

(V) 

LIMITS 

UNITS 

MIN. 

TYP. 

Supply-Voltage Range (For Ta=FuII Package-Temperature Range) 

— 

3 

18 

V 


STROBE A (B) DATA A (B) 



Fig. 1 - Logic diagram (V 2 of CD40117B) 



92CS-35084 


Dimensions and pad iayout for CD401 1 7B. 

Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils {10r^ 
inch). 

The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the wafer 
is separated into individual chips, the angle of cleavage may 
vary with respect to the chip face for different chips. The 
actual dimensions of the isolated chip, therefore, may differ 
slightly from the nominal dimensions shown. The user 
should consider a tolerance —3 mils to +16 mils applicable 
to the nominal dimensions shown. 
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TYPICAL APPLICATIONS 


CD40117B Types 



Fig. 2 - Schematic of CD40117B interfacing with 
microprocessor terminating an 8-bit bus line and 
1/2 of CD40117B as a programmable pull-up/ pull 
down logic controller. 



Fig. 3 - Schematic of CD40117B in anti-bounce circuit 
application. 
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CD40117B Types 

STATIC ELECTRICAL CHARACTERISTICS 


CHARACTERISTIC 


Quiescent 

Device 

Current 

Max. 


CONDITIONS 


Vo V|N 


LIMITS AT INDICATED TEMPERATURES CC) 
Values at -55, +25, +125 Apply to D, F, H Packages 
Values at -40, +25, +85 Apply to E Package 


Output High 
(Source) 

Current 

Min. 

lOH 

Output Voltage: 
Low-Level 

Max. 

VoL 

Output Voltage: 
High-Level 

Min. 

VOH 

Input Low 
Voltage 

Max. 

V|L 

Input High 
Voltage 

Min. 

V|H 

Input Current 
Max. 

>IN 



±0.1 

±0.1 

±1 

±1 


±10-5 ±0.1 /uA 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta= 25°C; Input tr, tf=20 ns, Cl= 50 pF, Rl= 200 kfi 


CHARACTERISTIC 

Propagation Delay Time 
Strobe, Data to Outputs 

‘PHL 


tPLH 

Transition Time 

tTHL, 
tTI H 

Minimum Strobe Pulse 

Width 

tw 

Minimum Data Pulse 

Width 

tWH, 

‘WL 

Minimum Terminator 
Input/Output Pulse 

Width 

tw 

Minimum Data 

Setup Time 

Data to Strobe 

tsu 

Input Capacitance 

C|N 



5 

10 

15 


Any Input 



LIMITS 

All Packages 


MIN. 

"1 TYP. r 

MAX. 
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CD40147B Types 


0-Line to 4-Line 
BCD Priority Encoder 

High-Voltage Types {20-Volt Rating) 

rhe RCA-CD40147B CMOS encoder fea- 
tures priority encoding of the inputs to ensure 
that only the highest-order data line is en- 
:oded. Ten data input lines (0-9) are en- 
:oded to four-line (8, 4, 2,1) BCD. The highest 
Driority line is line 9. All four output lines are 
ogic 1 (Vss) when all input lines are logic 0. 
Mi inputs and outputs are buffered, and each 
Dutput can drive one TTL low-power Schottky 
oad. The CD40147B is functionally similar to 
:he TTL 54/74147 if pin 1 5 is tied low. 

The CD40147B types are supplied in 16- 
lead ceramic dual-in-line packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
ages (E suffix), 16-lead ceramic flat pack- 
ages (K suffix), and in chip form (H suffix). 


■*© — 2 

'*© — 1>-[^ ^ 
■>*® — |>-pC>-_» 

’*© — 

5 *® — ® 


Features: I 

■ Encodes 10-line to 4-line BCD 

n Active low/ inputs and outputs 
B Standardized, symmetrical output characteristics 

■ 100% tested for quiescent current at 20 V 

■ 5-V, 10-V, and 15-V parametric ratings 9 -t— I 

■ Meets all requirements of JEDEC Tentative Standard j '’s^elecV encoder Zg 2 ' 

No. 13A, "Standard Specifications for Description of 'B' 0 -^ __ 1— a 2 ° 

Series CMOS Devices" 

92CS"30552 

■ Maximum input current of 1 juA at 18 V over full 
package-temperature range; 100 nA at 18 V and 25°C 

■ Noise margin {full package-temperature 

range) = 1 V at Vqq = 5 V 

2VatVDD=10V 

2.5 V at Vqq = 15 V FUNCTIONAL DIAGRAM 

Applications: 

■ Keyboard encoding 

■ 10-line to BCD encoding 

■ Range selection 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
n operation is always within the following range: 



CHARACTERISTIC 

LIMITS 

Min. 1 Max: 

UNITS 

Supply Voltage Range {For Ty^ = Full Package 
Temperature Range) 

3 

18 

V 



TRUTH TABLE {Negative Logic) 



Fig. 1 - CD40147B logic diagram. 


0 = High Level 


1 = Low Level 


X = Don't Care 


lAMBIENT TEMPERATURE {Ta)«25*C-4 


46ATE-T0-S0URCE VOLTAGE (Vgs)*I 5 v4 


DRAIN-TO-SOURCE VOLTAGE (VdS>- 


AMBIENT TEMPERATURE (Tft).25*C I fff tTF ~ 

^ Mill 


DRAIM-TO-SOURCE VOLTAGE (Vos)— 
AMBIENT TEMPERATURE (Ta)- 25*C 
' { I Ht t'H SATE-Vo-SOURCE voltage (Vgs) 




drain-to-source voltage (vds)— V 


...szsuitzrAV 


Fig. 2 — Typical output low (sink) current 
characteristics. 


Fig. 3 — Minimum output low (sink) current 
characteristics. 


Fig. 4 — Typical output high (source) current 
characteristics. 
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output high (SOURCE) CURRENTapH)-! 






MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vdd) 

(Voltages referenced to Vss Terminal) -0.5 to +20 V 

INPUTVOLTAGERANGE, ALL INPUTS -0.5 to VpD +0-5 V 

DC INPUT CURRENT, ANYONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pd): 

For T^ = -40 to +60° C (PACKAGE TYPE E) 500 mW 

For T^ = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T^ = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

For T^ = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H -55 to +125°C 

PACKAGE TYPE E -40to+85°C 

STORAGE TEMPERATURE RANGE (Tgtg) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 


DRAIN-TO-SOURCE VOLTAGE (Vos)- 


AMBIENT TEMPERATURE ITa)*25*C 

.] I ) 11 I IH gate-to-source voltage (Vfis 


Output Low 
KinkI 

0.4 

\Di n K / 

Current 

0.5 

1qI_ Min. 

1.5 

Output High 

4.6 

(Source) 

2.5 

Current, 

9.5 

•oh 

13.5 

Output Voltage: 

- 

Low-Level, 

- 

VoL Max- 

- 

Output Voltage; 

- 

High-Level, 

- 

VoH Min. 

- 

Input Low 

0.5, 4.5 

Voltage, 

1,9 

V| L Max. 

1.5,13.5 

Input High 

0.5,4.5 

Voltage, 

1,9 

V||_| Min. 

1.5,13.5 

Input Current 




STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES fC) 
CONDITIONS Values at -55, +25, +125 Apply to D, F, K, H, Packages 

CHARAC- Values at -40, +25, +85 Apply to E Package 

teristic Vo |v|n|vdd I ^ I nZZ^LlZZ 

(V) (V) (V) -55 -40 +85 +125 Min. Tyo. Max. 


Quiescent 

Device 

Current, IpQ 


iiil sillP^SHiilliilll 


sails 

saaiH ■■■11 

!!■■ MMI 

ii^i 

RwsaRa 

SI 

is Sii 

K&nmmm 

m 

liBBBBi 
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CD40147B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T;:^ = 250C, Input t^, tf = 20 ns, 
Cl = 50pF, Rl = 200 


CHARACTERISTIC 


Propagation Delay Time, 

^PLH'tpHL 
In-Phase Output 


Out-of-Phase Output 


Transition Time, tj|_jL, tjL|^ 


Input Capacitance, C-j 


TEST CONDITIONS 


Any input to any 


LIMITS 
ALL TYPES 


(V) 


15 


Any Input 



SOQfiF: =pO.I/tF 



Fig. 9 - Dynamic power dissipation 
test circuit. 






note; 

TEST ANY COMBINATION 
OF INPUTS 



NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH Vqd ANOVss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
VooORVjs 


Fig. 10 — Quiescent device 


current test circuit. 


Fig. 11 — Input voltage test circuit. 


Fig. 12 — Input current test circuit. 



Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (1(F~^ inch). 

The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 



TERMINAL 

ASSIGNMENT 


Dimensions and pad layout for CD40147BH 
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CD40160B, CD40161B, CD40162B, CD40163B Types 


CMOS Synchronous 
Programmable 4-Bit 
Counters 

High-Voltage Types (20-Volt Rating) 

CD40160B — Decade with Asynchronous 
Clear 

CD40161B — Binary with Asynchronous 
Clear 

CD40162B — Decade with Synchronous 
Clear 

CD40163B -■ Binary with Synchronous 
Clear 

RCA-CD40160B, CD40161B. CD40162B, 
and CD40163B are 4-bit synchronous pro- 
grammable counters. The CLEAR function 
of the CD401 62B and CD4 0163B i s synchro- 
nous and a low level at the CLEAR input sets 
all four outputs low on the next positive 
CLOCK edge. The CLEAR function of the 
CD40160B and CD40 161B is asynchronous 
and a low level at the CLEAR input sets all 
four outputs low re gardless of the state of 
the CLOCK, LO AD, or ENABLE inputs. A 
low level at the LOAD input disables the 
counter and causes the output to agree with 
the setup data after the next CLOCK pulse 
regardless of the conditions of the ENABLE 
inputs. 

The carry look-ahead circuitry provides for 
cascading counters for n-bit synchronous 
applications without additional gating. Instru- 
mental in accomplishing this function are 
two count-enable inputs and a carry output 
(CouT^- Counting is enabled when both PE 
and TE inputs are high. The TE input is fed 
forward to enable Cq^j. This enabled out- 
put produces a positive output pulse with a 


Features: 

■ Internal look-ahead for fast counting 

■ Carry output for cascading 

■ Synchronously programmable 

■ Clear asynchronous input 

(CD40160B,CD40161B) 

■ Clear synchronous input 

(CD40162B, CD40'J63B) 

■ Synchronous load control input 

■ Low-power TTL compatibility 

■ Standardized, symmetrical output 

characteristics 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 juA at 18 V 
over full package-temperature range; 

100 nA at 18 V and 25^0 

■ Noise margin (over full package-tempera - 
ature range): 1VatVQp = 5V 

2 Vat Vdp = 10 V 2.5 Vat VpD = 15 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC 
Tentative Standard No. 13 A, “Standard 
Specifications for Description of "B' Series 
CMOS Devices" 

duration approximately equal to the positive 
portion of the Q1 output. This positive 
overflow carry pulse can be used to enable 
successive cascaded stages. Logic transitions 
at the PE or TE inputs may occur when the 
clock Is either high or low. 

The CD401 60B, CD401 61 B. CD401 62B. and 
CD40163B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 

The CD40160B through CD40163B types 
are functionally equivalent to and pin-com- 
patible with the TTL counter series 74LS160 
through 74LS163 respectively. 
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15 CARRY 

OUT 

Vdd*'6 


Vss *8 
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Functional Diagram 


Applications: 

■ Programmable binary and decade counting 

■ Counter controi/timers 
B Frequency dividing 



Fig- Typical output low (sink) 
current characteristics. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vdd) 

(Voltages referenced to Vss Terminal) “0-5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqq +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pp): 

For T^ = -40 to +60° C (PACKAGE TYPE E) 500 mW 

For T^ = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T^ = -55 to +100°C (PACKAGE TYPES D, F. K) 500 mW 

For T^ = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T^); 

PACKAGE TYPES D, F, K, H -55to+125°C 

PACKAGE TYPE E -40 to +85° C 

STORAGE TEMPERATURE RANGE (Tstg) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 
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Fig. 2— Minimum output low (sink) 
current characteristics. 
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CD40166B, CD40161B,CD40162B, CD40163B Types 


CD40l^0B 

ASYNCHRONOUS 

CLEAR 


I C040I60B AND CD40I62B BCD DECADE COUNTERS 

I it- H -H- 



C040I62B 

SYNCHRONOUS 

CLEAR 


LD PI 


2 

LD P3 


LD P4 

T 

1— T 


T 



Lt 

CL 

T— CL 


CL 




tor 

1 TOT 

^ n 

TOl? 


q5 

1 TOR 


INPUTS PROTECTED 
BY COS/MOS PROTECTION 
NETWORK 



^Vss 03 03 03 03 °^ 

92CL -29224RI 

Fig. 3— Logic diagrams for CD40160B and CD40162B BCD decade counters. 


CD40t6IB ANDC040I63B BINARY COUNTERS 



INPUTS PROTECTED 
BY COS/MOS PROTECTION 
NETWORK 


Fig. 4— Logic diagrams for CD40161B and CD40163B binary counters. 











CD40160B, CD40161B, CD40162B, CD40163B Types 


RECOMMENDED OPERATING CONDITIONS at =2S°C, Except as Noted 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

Vdd 

LIMITS 

UNITS 


(V) 

MIN. 

MAX. 


Supply Voltage Range (Full 1 = Full Package- 





Temperature Range) 

- 

3 

18 

V 

Setup Time: t^\j 

5 




Data to Clock 

10 





15 



mHi 


5 


■■■llllll 


Load to Clock 








mu 

HHI 


5 

340 

IRHH 


PE or TE to Clock 

10 

140 

_ 

ns 


15 

100 

- 


Clear to Clock 

5 

340 

- 

ns 

(CD40162B, CD40163B) 

10 

15 

140 

100 



5 



|BB|| 

All Hold Times, t^ 

10 




15 

HI 

HElHi 

IHIHI 

Clear Removal Time, t^g^ 
{CD40160B,CD40161B) 

n 

1 

m 

D 

Clear Pulse Width, ty^L 
(CD40160B, CD40161B) 

5 

10 

15 

H 

- 

ns 


5 

- 

2 


Clock Input Frequency, f^L 

10 

- 

5.5 

MHz 

15 

- 

8 



5 

170 

— 


Clock Pulse Width, tyy 

10 

70 

- 

ns 

15 

50 

- 



5 

— 

200 


Clock Rise or Fall Time, t^CL or tfCL 

10 

- 

70 

jUS 

15 

-* 

15 
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X 
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X 

0 

NC 
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X 

0 

X 

X 

X 

RESET (CD40160B, CD40161B) 

y 

0 

X 

X 

D 

RESET (CD40162B, CD40163B) 

“V 

1 

X 

X 
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Fig. 5— Typical output high (source) 
current characteristics. 
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93 CS- 2432 IR 2 

Fig. 6— Minimum output high (source) 
current characteristics. 



Fig. 7— Typical propagation delay time as a 
function of load capacitance 
(CLOCK to Q). 



Fig. 8— Typical transition time as a function 
of load capacitance. 
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CD40160B, CD40161B, CD40162B, CD40163B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARAC- 

TERISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 

Values at -55, +25, +1 25 Apply to D, F, K, H, Packages 
Values at -40, +25, +85 Apply to E Packages 

IT 

N 

1 

T 

S 

Vo 

(V) 

V|N 

(VI 

Vdd 

(V) 

-55 

-40 

+85 

+125 

+25 

Min. 

Typ. 

Max. 

Quiescent 

Device 

Current, 

Iqd Max. 

- 

0,5 

5 

5 

5 

150 

150 

- 

0.04 

5 

juA 

- 

0,10 

10 

10 

10 

300 

300 

- 

0.04 

10 

- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 

- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

Output Low 
(Sink) Current 
IqL Min. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 

Output High 
(Source) 
Current, 

•oh Min. 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 

0.5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Voltage: 
Low-Level, 
Vql Max. 

- 

0,5 

5 

0.05 

- 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output 

Voltage: 
High-Level, 
Vqh Min. 

- 

0,5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage 

V|L Max. 

0.5,4. 5 

- 

5 

1.5 

- 

- 

1.5 

V 

1,9 

- 

10 

3 

- 

- 

3 

1.5,13.5 

- 

15 

4 

- 

- 

4 

Input High 
Voltage, 

V|n Min. 

0.5,4.5 

- 

5 

3.5 

3.5 

- 

- 

1,9 

- 

10 

7 

7 

- 

- 

1.5,13.5 

- 

15 

11 

11 

- 

- 

Input Current 
l|N Max. 

- 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10-5 

±0.1 

juA 



92CS-29967 

Fig. 9— Typical power dissipation as a 
function of CLOCK frequency. 


vdd 



Fjg^ IQ— Dynamic power dissipation test 
circuit. 


^DO 



Fig. 11— Quiescent-device-current test circuit. 


MD* 

Vss 


T 

V5S 


NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH Vqd and Vss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vdd OR Vss 


92CS-27402 


Fig. 12— Input-current test circuit. 




note; 

TEST ANY COMBINATION 
OP INPUTS 


92CS-2744IRI 

Fig. 13— Input-voltage test circuit. 


TERMINAL ASSIGNMENT 



92CS- 29459 
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CD40160B, CD40161B, CD40162B, CD40163B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T/^ « 2S^C; 
Input tf, tf = 20 ns. Cl = 50 pF, Rl * 200 kfl 



TEST 


LIMITS 

1 


CHARACTERISTIC 

CONDITIONS 

ALL TYPES* i 

UNITS 


Vdd (V) 

Min. 

Typ. 

Max. 


1 CLOCK OPERATION I 

Propagation Delay Time, tp|^L»^PLH 
Clock to Q 



B^jmi 

400 

160 

ns 

15 


60 

120 



5 

iimi 

225 



Clock to Cquj 

10 


95 


ns 


15 

msiii 

70 




5 


1^ 

250 


TE to CouT 

10 


wm 

110 

ns 


15 


40 

80 


Minimum Setup Time, 

Data to Clock 

5 

10 

B 

120 

45 

240 

90 

ns 

15 


30 

60 



5 

HBi 

120 

240 


Load to Clock 

10 


45 

90 

ns 


15 


30 

60 



5 

HBH 

170 

340 


PE to TE to Clock 

10 


70 

140 

ns 


15 


50 

100 



5 


mmm 

0 


Minimum Hold Time, t^ 

10 



0 

ns 

15 


HBI 

0 



5 

_ 

100 

200 


Transition Time, tTH| ,tj| m 

10 

- 

50 

100 

ns 


15 

- 

40 

80 





85 

m 


Minlmuni Clock Pulse Width, tyy 



35 


ns 



25 

■■ 



i 1 

2 

3 

■mmi 


Maximum Clock Frequency, f^L 

10 

5.5 

8.5 


MHz 

15 

8 

12 

m^B 



5 

200 

_ 

— 


Maximum Clock Rise or Fall Time,^ 

10 

70 

- 

- 

/is 

t^CL, tfCL 

15 

15 

- 

I 


! CLEAR OPERATION I 

Propagation Delay Time, tp^L 

5 

■mm 

250 



(CD40160B,CD40161B) 

10 


110 

220 

ns 

Clear to Q 

15 

IIIIBII 

80 

160 


Minimum Setup Time, t5y 

5 

imi 

170 

340 


{CD40162B, CD40163B) 

10 


70 

140 


Clear to Clock 

15 

ilBIIII 

50 

100 


Minimum Hold Time, tpj 

5 

'HBI 

mn 

0 


(CD40162B, CD40163B) 

10 



0 

ns 

Clear to Clock 

15 

IBIH 

n 

0 


. 

5 

flB9H 

100 

«1 


Minimum Clear Removal Time, t^g^ 
(CD40160B, Cp40161B) 

10 

15 

H 

50 

35 

m 

ns 

Minimum Clear Pulse Width, tyyL 
{CD40160B, CD40161B) 

5 

10 

15 

H 

85 

35 

25 


ns 


except iiuieu. 

t If more than one unit is cascaded in the parallel clocked application, t.CL should be made less than or equal 
to the sum of the fixed propagation delay at 50 pF and the transition time of the carry output driving stage 
for the estimated capacitive load. 
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CD40160B, CD40161B, CD40162B, CD40163B Types 


CLEAR(CD40I60B)- 


CLEAR(CD40I62B) 


~U 


ASYNCHRONOUS 


JifaiitU 1 ^ p 


SYNCHRONOUS 


.-T 
P2 — r 


P4- 

CL0CK(CD40I60B)- 

CL0CK{CD40I62B) 





OUTPUTS H 


I I (• 

CLEAR PRESET 


Fig. 14— Timing diagram for CD40160B, CD40162B. 


INHIBIT 

92CL-292^8R( 


CUEAR (CD40I61B)- 
Ci:EAR(CD40l63B)“ 

Toad - 


u 


ASYNCHRONOUS 


3_r 

.-T 


Cl0CK(CD40I6I B) - 


1 SYNCHRONOUS 


~L 


I 


cLocK<co.o,638, — mJiJHj^ijnjnjnjijnj^^ 



CLEAR PRESET 


92CL-29229RI 


Fig. 15— Timing diagram for CD40161B, CD40163B. 
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CD40160B, CD40161B, CD40162B, CD40163B Types 



92CM- 29226 


Fig. f6~ Detail of flip-flops of CD401 608 and CD40161 B (asynchronous clear). 
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92CM-29968 

Dimensions and pad layout for CD40160BH. Dimensions and pad layout 
for CD40161 BH,CD40162BH, and CD40163BH are identical. 

Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~^ inch). 



92CM- 29227 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angie of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should considers tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 


Fig. 17— Detail of flip-flops for CD40162B and CD40163B (synchronous clear). 

LOAD 


CLOCK 

CLEAR 



92CM-29969 

Fig. 18 ~ Cascaded counter packages in the parallel-clocked mode. 



92CM- 29970 

Fig. 19 — Cascaded counter packages in the ripple-clocked mode. 
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CD40174B Types 


CMOS Hex ‘D’-Type 
Flip-Flop 

High-Voltage Types (20-Volt Rating) 

The RCA-CD40174B consists of six identical 
'D'-type flip-flops having i ndepen dent DATA 
inputs. The CLOCK and CLEAR inputs are 
common to all six units. Data is transferred 
to the Q outputs on the positive-going 
transition of the clock pulse. All six flip-flops 
are simultan eously reset by a low level on 
the CLEAR input. 

The CD40174B types are supplied in 16- 
lead hermetic dual-in-line ceramic packages 
(D and F suffixes), 16-lead dual-in-line 
plastic packages (E suffix), 16-lead ceramic 
flat packages (K suffix), and in chip form (H 
suffix). 


Features: 

■ 5-V, 10-V, and 15-V parametric rating 

■ Standardized symmetrical output 
characteristics 

■ 100% tested for quiescent current at 20 V 
“ Maximum input current of 1 juA at 18 V 

over full package-temperature range; 
lOOnAat 18 V and 25°C 

■ Noise margin {over full package-temperature 

range): 1 V at VpQ - 5V 

2 Vat Vdd= 10V 
2.5 Vat Vdd = 15 V 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vdd) 

(Voltages referenced to Vss Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqq +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POV\/ER DLSSIPATION PER PACKAGE (Pq): 

For T^ = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T^ = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 m\A/ 

For T^ = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

For T^ = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H -55 to +125° C 

PACKAGE TYPE E -40to+85°C 

STORAGE TEMPERATURE RANGE (Tgtg) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 


.,3 . 1 






n 



If ..3 



if ,,34 

14 ' 



D6 

CLOCK— ^ 

— 


Vss • 8 
Vdd • 16 



FUNCTIONAL DIAGRAM 


Applications: 

" Shift Registers 

■ Buffer/Storage Registers 

■ Pattern Generators 



TRUTH TABLE FOR 1 OF 6 FLIP-FLOPS 



1 = High Level X = Don't Care 

0 = Low Level NC = No Change 


CL ^ 



Fig. 1 - Logic diagram (1 of 6 flip-flops). 



0 20 40 60 eo 100 


LOAD CAPACITANCE (Cl)— pF 

92CS-24322 

Fig. 2— Typical transition time as a function 
of load capacitance. 
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CD40174B Types 


RECOMMENDED OPERATING CONDITIONS at T^ = 25“ C, Except as Noted. 

For maximum reliability, nominal operating conditions should be selected so that operation is 
always within the following ranges: 


I AMBIENT TEMPERATURE (TA)*25*m 


4GATE-T0-S0URCE VOLTAGE (V6s)*l5 V 


CHARACTERISTIC 

Supply-Voltage Range (For = Full Package- 
Temperature Range) 


Min. I Max. 
















CD40174B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARAC- 

TERISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, -i-M, +125 Apply to D, F, K, H Packages 
Values at —40, +25, +85 Apply to E Package 

u 

N 

I 

T 

S 

<o 

V|N 

(V) 

Vdd 

(V) 

-55 

-40 

+85 

+125 

+25 

Min. 

Typ. 

Max. 

Quiescent 

Device 

Current, Ipp 
Max. 

- 

0,5 

5 

1 

1 

30 

30 

- 

0.02 

1 

/iA 

- 

0,10 

10 

2 

2 

60 

60 

- 

0.02 

2 

- 

0,15 

15 

4 

4 

120 

120 

- 

0.02 

4 

- 

0,20 

20 

20 

20 

600 

600 

- 

0.04 

20 

Output Low 
(Sink) 

Current 

IqL Min. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

_ 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

- 

Output High 
(Source) 
Current, 

•oh 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 


13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 


Output Voltage: 
Low-Level, 

Vql Max. 

- 

0,5 

5 

0.05 

- 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 


0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output Voltage: 
High-Level, 
VQ|..j Min. 

- 

0,5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage, 
V||_Max. 

0.5,4.5 

- 

5 

1.5 

- 

- 

1.5 

V 

I 

1,9 

- 

10 

3 

- 

- 

3 

1.5,13.5 

- 

15 

4 

- 

- 

4 

Input High 
Voltage, 
Vi^Min. 

0.5,4.5 

- 

5 

3.5 

3.5 

- 

- 

1,9 

- 

10 

7 

7 

- 

- 

1.5,13.5 

- 

15 

11 

11 

- 

- 

Input Current 
l||y|Max. 

- 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10-5 

±0.1 

MA 



Fig. 10— Definition of setup, hold, propagation delay, 
and removal times. 



Fig. 7— Typical dynamic power dissipation as a 
function of CLOCK frequency. 



92CS-29833 


Fig. 8— Typical propagation delay time (CLOCK 
to OUTPUT) as a function of load 
capacitance. 


Vdd 



Fig. 9— Dynamic power dissipation test circuit. 



Fig. 11 — Quiescent device current test circuit. 
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CD40174B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T^ = 25°C; 
Input t,., tf = 20 ns. Cl = 50 pF, Rl'^ 200 



TEST 


LIMITS 



CHARACTERISTIC 

CONDITIONS 



UNITS 


Vdd (VI 

Min. 

Typ. 

Max. 



5 


150 

300 


Propagation Delay Time 

Clock to Output, ^PHL'^PLH 

10 

15 

- 

70 

50 

140 

100 

ns 


5 

- 

100 

200 


Clear to Output, tpHL 

10 

- 

50 

100 

ns 


15 

- 

40 

80 



5 

- 

100 

200 


Transition Time, ^THL» ^TLH 

10 

- 

50 

100 

ns 


15 

- 

40 

80 


Minimum Pulse Width, 

5 

10 

- 

65 

130 


— 

30 

60 

ns 

Clock, tyyL/ 

15 

- 

20 

40 


5 

- 

50 

100 


Clear, tyyL 

10 

- 

25 

50 

ns 

15 

- 

20 

40 



5 

- 

20 

40 


Minimum Data Setup Time, t 3 L) 

10 


10 

20 

ns 


15 


0 

10 



5 

_ 

40 

80 


Minimum Data Hold Time, t^ 

10 

- 

20 

40 

ns 

15 

- 

15 

30 



5 

3.5 

7 

- 


Maximum Clock Frequency, fQL 

10 

6 

12 

- 

MHz 


15 

8 

16 

- 



5 

15 

— 

_ 


Maximum Clock Rise or Fall 

10 

15 

- 

- 

MS 

Time, t^CL, tfCL 

15 

15 

- 

- 


Input Capacitance, C|(vj 






Clear 

- 

- 

25 

40 

pF 

All other 

- 

- 

5 

7.5 



5 


-40 

0 


Minimum Clear Removal 

10 

15 




Time, tpEM 

- 

-15 

-10 

0 

0 

ns 



NOTE: 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH Vqo ANOVss 
CONNECT ALL UNUSED 
INPOrs TO EITHER 
VddORVss- 


Fig. 12 — Input current test circuit. 



Voo 

_L 


OUTPUTS 



~ 1 ( NOTE; 

Vcc TEST ANY COMBINATION 

OF INPUTS 


92CS-ET44tRI 


Fig. 13 — Input voltage test circuit. 


TERMINAL ASSIGNMENT 



448 





CD40175B Types 


CMOS Quad ‘D’-Type Flip-Flop 


High-Voltage Types (20-Volt Rating) 

Features: 

■ 100% tested for quiescent current 

at 20 V 

■ Maximum input current of 1 pA at 

18 V over full package- 
temperature range; 100 nA at 18V 
and 25° C 

■ Noise margin {full package- 

temperature range) = 

1 Vat VDD = 5 V 

2 Vat Vdd = 10 V 
2.5 Vat Vdd= 15 V 

■ 5-V, 10-V, and 15-V parametric 

ratings 


Meets all requirements of JEDEC 
Tentative Standard No. 13B, 
“Standard Specifications for 
Description of ‘S’ Series CMOS 
Devices” 

Output compatible with two HTL 
loads, two low power TTL loads, 
or one low power Schottky TTL 
load 

Functional equivalent to TTL 74175 

■ Standardized symmetrical output 

characteristics 

Applications: 

■ Shift registers 

■ Buffer/storage registers 

■ Pattern generators 


ni ^ 

2 

Dl 

„ 5 



D2 


± F/F2 131 i 

1 

'2 


— 1 JO 

D3 


:=C^i]n:S 

D4 


pi: m 

CLOCK ^ 



CLEAR 

Vss = 8 

Vdd ='6 

92CS-345O0 

CO40175B 

FUNCTION DIAGRAM 


The RCA CD40175B consists of four identical D-type flip- 
flops. Each flip-flop ha^an independent DATA D input and 
complementary Q and Q outputs. The CLOCK and CLEAR 
inputs are common to all flip-flops. Data are transferred to 
the Q outputs on the positive-going transition of the clock 
pulse. All four flip-flops are simultaneously reset by a low 
level on the CLEAR input. 

These devices can function as shift register elements or as 
T-type flip-flops for toggle and counter applications. 

The CD40175B issupplied in hermetic dual-in-line ceramic 
packages (D and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat packages (K 
suffix), and in chip form (H suffix). 



Vdd = PIN 16 

VSS = PIN 0 92CS- 34507 

TERMINAL ASSIGNMENT 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vdd) 

(Voltages referenced to Vss Terminal) 

INPUT VOLTAGE RANGE, ALL INPUTS 

DC INPUT CURRENT, ANY ONE INPUT 

POWER DISSIPATION PER PACKAGE (Pd): 

ForTA = -40to+60°C (PACKAGE TYPE E) 

For T^ = +60 to +85°C (PACKAGE TYPE E) 

For = -55 to +100°C (PACKAGE TYPES D, F, K) 

For T^ = +100 to +125°C (PACKAGE TYPES D, F, K) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H 

PACKAGE TYPE E 

STORAGE TEMPERATURE RANGE (Tgtg) 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/1 6 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max. . . . 


-0.5 to Vdd +20 V 

-0.5 to Vdd +0-5 V 

±10 mA 

500 mW 

Derate Linearly at 12 mW/°C to 200 mW 

500 mW 

Derate Linearly at 12 mW/°C to 200 mW 

100 mW 

-55 to +1 25° C 

-40 to +85° C 

-65 to +1 50° C 

+265° C 
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CD40175B Types 


RECOMMENDED OPERATING CONDITIONS at Ta = 25° C, Except as Noted. 

For maximum reliability, nominal operating conditions should be selected so that operation is always within the 
following ranges: 


CHARACTERISTIC 

Vdd 

(V) 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage Range (ForTA= Full Package-Temperature Range) 

— 

3 

18 

V 



5 

120 

— 


Data Setup Time 

tsu 

10 


— 

ns 



15 

■■ 

— 




5 


— 


Data Hold Time 

tH 

10 


— 




15 


— 




5 

— 

2 


Clock Input Frequency 

fCL 

10 

dc 

5 

MHz 



15 

— 

6.5 




5 

— 

15 


Clock Input Rise or Fall Time 

trCL, tfCL 

10 

— 

15 

pis 



15 

— 

15 




5 

250 

— 


Clock Input Pulse Width 

tWL, tWH 

10 

100 

— 




15 

75 

— 




5 

200 

— 


Clear Pulse Width 

tWL 

10 

80 

— 

ns 



15 

60 

— 




5 

250 

— 


Clear Removal Time 

tREM 

10 


— 




15 

80 

— 




* Inputs Protected 
by CMOS Protection 
Network 


* D 


* CLR 



CL 



Fig. 1 - Logic diagram (1 of 4 flip-flops). 
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STATIC ELECTRICAL CHARACTERISTICS 


CD40175B Types 


CHARACTERISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 

Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at -40, +25, +85 Apply to E Package 

UNITS 

Vo 

(V) 

VIN 

(V) 

Voo 

(V) 

-55 

-40 

+85 

+125 

+25 

Min. 

Typ. 

Max. 

Quiescent 

Device 

Current 

Max. 

IDD 

— 

0. 5 

5 

1 

1 

30 

30 

— 

0.02 

1 

pA 

— 

0. 10 

10 

2 

2 

60 

60 

— 

0.02 

2 

— 

0, 15 

15 

4 

4 

120 

120 

— 

0.02 

4 

— 

0, 20 

20 

20 

20 

600 

600 

— 

0.04 

20 

Output Low 
(Sink) Current 

Min. 

lOL 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

— 

mA 

0.5 

0. 10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

— 

1.5 

0. 15 

15 

4.2 

4 

2.8 

2.4 

3.4 

6.8 

— 

Output High 
(Source) 

Current 

Min. 

lOH 

4.6 

0.5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 


2.5 

0, 5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

— 

9.5 

0, 10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

_ 

13.5 

0. 15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

— 

Output Voltage: 

Low-Level 

Max. 

VOL 

— 

0, 5 

5 

0.05 

— 

0 

0.05 

V 

— 

0, 10 

10 

0.05 

— 

0 

0.05 

— 

0, 15 

15 

0.05 

— 

0 

0.05 

Output Voltage: 
High-Level 

Min. 

VOH 

— 

0, 5 

5 

4.95 

4.95 

5 

— 

— 

0, 10 

10 

9.95 

9.95 

10 

— 

— 

0, 15 

15 

14.95 

14.95 

15 

— 

Input Low 



— 

5 

1.5 

— 

— 



Voltage 



— 


3 

— 

— 

3 


Max. 

VIL 


— 

15 

4 

— 

— 

4 


Input High 


0.5, 4.5 

— 

5 

3.5 



— 

V 

Voltage 


1,9 

— 

10 

7 

7 

_ 

— 


Min. 

VI H 

1.5,13.5 

— 


11 

11 

— 

— 


Input Current Max. 

IlN 

— 

0, 18 

18 

±0.1 

±0.1 



— 



aA 



TRUTH TABLE FOR 1 OF 4 FLIP-FLOPS 
(Positive Logic) 


1 INPUTS 

OUTPUTS 1 

CLOCK 

DATA 

CLEAR 

Q 

q" 



0 

1 

0 

1 



1 

1 

1 

0 

— 

X 

1 

Q 

7T 

X 

X 

0 

0 

1 


1=High Level X=Don’t Care 0=Low Level 


Fig. 2 - Definition of setup, hold, propagation 
delay, and removal times. 
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CD40175B Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25° C; Input tr, tf = 20 ns, Cl = SO pF, RL = 200 kC 


CHARACTERISTIC 

TEST 

CONDITIONS 
Vdd (V) 

LIMITS 

UNITS 

MIN. 

TYP. 

MAX. 








Transition Time 

tTHL, tTLH 










mm 



Propagation Delay Time 


5 

— 

220 



Clock to Q Output 

tPHL, tPLH 

10 

— 


160 




15 



70 

120 


Propagation Delay Time 


5 

— 

325 



CLEAR to Q Output 

tPHL 

10 


130 


ns 



15 

— 




Minimum Pulse Wi(jth 


5 





Clock 

tWH 

10 







15 







5 

— 


200 


Clear 

tWL 

10 

— 

40 

80 




15 

— 

30 

60 




5 

B 



■1 

Maximurh Clock Frequency 

fCL 

10 




MJAZfm 



15 



lUlfBllllll 

■■ 



5 

■ai 

— 

— 


Maximum Clock Rise or Fall Time 

trCL, tfCL 

10 

mm 

— 

— 




15 


— 





5 

IHHIIIII 


120 


Minimum Data Setup Time 

tsu 

10 



50 




15 



40 




5 

— 


mSm 


Minimum Data Hol(j Time 

tH 

10 

— 



ns 



15 

— 






5 





Minimum Clear Removal Time 

tREM 

10 







15 





Input Capacitance 

CiN 

— 

IBI 


7.5 

pF 


t CLEAR signal must be high prior to positive-going transition of CLOCK pulse. 



Fig. 3 - Typical propagation delay time {CLOCK 
to OUTPUT) as a function of load 
capacitance. 



LOAD CAPACITANCE (Cl)— pF 

92CS-24322 


Fig. 4 - Typical transition time as a function of 
load capacitance. 
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CD40175B Types 




Fig. 11 - Quiescent device current test circuit. 


Fig. 12- Noise immunity test circuit. 


MD* 

Vss 


“T 

Vss 


NOTE: 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH V0D AND Vss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vdd O'^Vss- 


92CS- 27402 


Fig. 13 - Input leakage current test circuit. 



— 63 - 71 J 

(1.600-1.803) ' 

92CS-35083 


Dimensions and pad layout for CD40175BH. 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils {lOr^ 
inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the wafer 
is separated into individual chips, the angle of cleavage may 
vary with respect to the chip face for different chips. The 
actual dimensions of the isolated chip, therefore, may differ 
slightly from the nominal dimensions shown. The user 
should consider a tolerance -3 mils to +16 mils applicable 
to the nominal dimensions shown. 
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CD40181B Types 


CMOS 4-Bit 
Arithmetic Logic Unit 

High-Voltage Types (20-Volt Rating) 

The RCA-CD40181B is a low-power four-bit 
parallel arithmetic logic unit (ALU) capable 
of providing 16 binary arithmetic operations 
on two four-bit words and 16 logical func- 
tions of two Boolean variables. The mode 
control input M selects logical (M = High) or 
arithmetic (M = Low) operation. The four 
select inputs (SO, SI, S2, and S3) select the 
desired logical or arithmetic functions, 
which include AND, OR, NAND, NOR, and 
exclusive— OR and— NOR in the logic mode, 
and addition, subtraction, decrement, left- 
shift and straight transfer in the arithmetic 
mode, according to the truth table. The 
CD40181B operation may be interpreted 
with either active-low or active-high data at 
the A and B word inputs and the function 
outputs F, by using the appropriate truth 
table. 

The CD40181B contains logic for full look- 
ahead carry operation for fast carry gener- 
ation using the c^rry-gejierate and carry- 
propagate outputs G and P for the four bits 
of the CD40181B. Use of the CD40182B 
look-ahead carry generator in conjunction 
with multiple CD40181B'S permits high- 
speed arithmetic operations on long words. 
A ripple carry output Cp +4 is available for 
use In systems where speed is not of primary 
importance. 

Also included in the CD40181B is a com- 
parator output A = B, which assumes a high 
level whenever the two four-bit input words 
A and B are equal and the device is in the 
subtract mode. In addition, relative magni- 
tude Information may be derived from the 
carry-in input Cp and ripple carry-out out- 
put Cp +4 by placing the unit in the subtract 
mode and externally decoding using the 
information in Table III. 

The CD40181B types are supplied in 24- 
lead hermetic ceramic dual-in-line pack- 
ages (D and F suffixes), 24-lead dual-in-line 
plastic packages (E suffix), 24-lead ceramic 
flat packages (K suffix), and in chip form (H 


Features: 

■ Full look-ahead carry for speed operations on long words 

■ Generates 16 logic functions of two Boolean variables 

■ Generates 16 arithmetic functions of two 4-bit binary words 

■ A = B comparator output available 

■ Ripple-carry input and output available 

■ Typical addition time 200 ns @ Vqq = 10 V 

■ Standardized, symmetrical output characteristics 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 juA at 18 V 
over full package temperature range; 

100 nA at 18 V and 250C 

■ Noise margin (full package temperature range) 

= 1 V at Vdd = 5 V 
= 2 Vat VpD = 10 V 
= 2.5 Vat VpD = 15 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 

■ Parallel arithmetic units 

■ Process controllers 

■ Low-power minicomputers 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (VpD) 

(Voltages referenced to Vss Terminal) 

INPUT VOLTAGE RANGE, ALL INPUTS 

DC INPUT CURRENT, ANY ONE INPUT 



UNCTION SELECT 

INPUTS 



IIT'IMV, ,1 





a7 23^ 

iT'O FI r^nTO.lT 

w(^hLi. 

S7 21° 

■^1, 'FUNCTION 


flj 19^ 



r55 11 

14 A-e COMPARE 





b5 2o!^ 

l6Cnf4 R*PP*“E 


B-3 ,8° 

OUT 


i: ZJ 



i"! ahead 

CARRY 



Voo ■ 

Vss ■ '2 


(Act 

ive-low data) 

FUNCTIONAL DIAGRAM 


FUNCTION SELECT 

INPUTS 


solsilsals 
6 1 51 413 

3 






At 23 



A 

A2 21 


1, p2 'function 


A3 19 


13 F3 


00 1 


14 A«B COMPARE 


Bl 22 



B 

B2 20 


I6C„+4 RIPj»LE 


B3 18 


^ OUT 


Cn 7^ 


17 G ^ LOOK 


M 8 


.. p L AHEAD 
CARRY 




' OUTPUTS 

Vdd - 24 
Vss- 12 


92CS 28387R2 

(Active-high data) 
FUNCTIONAL DIAGRAM 


-0.5 to +20 V 

-0.5 to Vqp +0.5 V 
±10 mA 


POWER DISSIPATION PER PACKAGE (Pp): 

For T^ = -40 to +60°C (PACKAGE TYPE E) 

For T^ = +60 to +85“C (PACKAGE TYPE E) Derate Linearly at 

For = -55 to +100°C (PACKAGE TYPES D, F, K) 

For T^ = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 


For T^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D.F.K.H 

PACKAGE TYPE E 

STORAGE TEMPERATURE RANGE (Tstg) 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max. . . 


500 mW 

12mW/°Cto 200 mW 

500 mW 

12 mW/°C to 200 mW 

100 mW 

-55 to +1 25° C 

-40 to +85° C 

-65 to +1 50° C 

+265° C 


The CD40181 is similar to industry types 
MCI 4581 and 74181. 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating 
conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC LIMITS units 



lAMBlENT TEMPERATURE (Ta).25*C4 


I KkHiSiB E!IS9 1 


Supply-Voltage Range 
(For T/:^=Full Package- 
Temperature Range) 


fGATE- TO- SOURCE VOLTAGE (VqsI' IS V4; 


ORAIN-TO-SOURCE VOLTAGE (Vqs)— V 


Fig. 1 — Typical output low (sink) 
current characteristics. 


ORAIN-TO-SOURCE VOLTAGE (Vos)— V 

Fig. 2 — Minimum output low (sink) 
current characteristics. 
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CD40181B Types 



DRAIN-TO-SOURCE VOLTAGE (Vqs)— V 



Fig. 4 — Typical output high (source) 
current characteristics. 


DRAIN-TO-SOURCE VOLTAGE (Vos)— V 
H5 HO -5 0 






E 



E 

M 

PERATUf 

( 


:S 





3 


3 



; 


A 

Tt-TO- 

oil 

1 1 1 1 1 i I 

voiu 

5E(V( 

1 


S “ 

B a 

|.J 

B 3 

5 ° 


92CS-2432IR2 


Fig. 5 - Minimum output high (source) 
current characteristics. 



Fig. 6 — Typical propagation delay time as a 
function of load capacitance (for A 

or B to F, logic mode). 



LOAD CAPACITANCE (Cl)— pF 
Fig. 7 — Typical transition time as a function 
of load capacitance. 



Fig. 8 — Typical dynamic dissipation as a function 
of input frequency (see Fig. 1 1 — dynamic 
power dissipation test circuit). 


Voo 



Fig. 9 - Quiescent-device-current test circuit. 
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STATIC ELECTRICAL CHARACTERISTICS 


CD40181B Types 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (®C) 
Values at -55, +25, +125 Apply to D, F, K, H, Packages 
Values at —40, +25, +85 Apply to E Package 

UNITS 

Vo 

IV) 

V|N 

(V) 

< 
< O 



+25 

-55 

--40 

+85 

+125 

Min. 

Typ. 

Max. 

Quiescent Device 
Current, 

IDD Max. 

- 

0,5 

5 

5 

5 

150 

150 

- 

0.04 

5 

pA 

- 

0,10 

10 

10 

10 

300 

300 

- 

0.04 

10 

- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 

- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

Output Low 
(Sink) Current 
IqL Min. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0 51 

1 

- 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4' 

34 

6.8 

- 

Output High 
(Source) 

Current, 
lOH Min. 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-11 

-0.9 

-1.3 

-2.6 

- 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Voltage; 
Low-Level, 

Vql Max. 

- 

0.5 

5 

0.05 

- 

0 

0.05 

V 


0,10 

10 

0.05 

- 

0 

0.05 

1 

0,15 

15 

0.05 

- 

0 

0.05 

Output Voltage: 
High-Level, 

Vqh Min. 

- 1 

0.5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage. 

V|L Max. 

0.5, 4.5 ’ 

- 

5 

1.5 

— 

- 

1.5 

V 

1,9 

- 

10 

3 

- 

- 

3 

1.5,13.51 

- 1 

15 

4 

- 

- 

4 

Input High 
Voltage, 

V|H Min. 

0.5. 4.5 

- 

5 

3.5 

3.5 

- 

- 

1.9 

- 

10 

7 

7 

_ 

_ 

1.5,13.5 

- 

15 

11 

11 

- 

- 

Input Current 
l|N Max. 

- 

0,18 

18 

+0.1 

±0.1 

+ 1 

±1 

- 

±10-5 

±0.1 

/iA 


DYNAMIC ELECTRICAL CHARACTERISTICS at = 250C; Input t^, tf = 20 ns, 

Cl = 50pF, Rl = 200 kfi 


CHARACTERISTIC 

VdD 

(V) 

LIMITS 

UNITS 

Typ. 

Max. 

Propagation Delay Time: tp^L, tpL^ 

5 

400 

800 


A or B to F (logic mode), 

10 

160 

320 

ns 

A or B to G or P, 

15 

120 

240 



5 

500 

1000 


A or B to F, Cp ^.4, or A = B, 

10 

200 

400 

ns 


15 

140 

280 



5 

320 

640 


Cnto F 

10 

135 

270 

ns 


15 

100 

200 



5 

200 

400 


+4 

10 

100 

200 

ns 


15 

70 

140 



5 

100 

200 


Transition Time: tjpn_, tj|_j.^ 

10 

50 

100 

ns 


15 

40 

80 


Input Capacitance, C||y| (Any Input) 

- 

5 

7.5 

pF 



Fig. 10 — Input-voltage test circuit. 



A0.AI,A2, A3,S0,S3, M.Cn • 
f|N 

SI.S2 « Vss 

(ALL OUTPUTS SWITCHING EXCEPT G) 

9iCS-2l)60T 

Fig. 11 — Dynamic power dissipation test circuit. 




NOTE 

MEASURE INPUTS 
SEQUENTIALLY. 

TO both Vod and Vss 

CONNECT ALL UNUSED 
INPUTS TO EITHER 
VcD OR Vjs 


93CS- J740? 

Fig. 12 - Input current test circuit. 



Cnf 4 


Top View 


Terminal Assignment 
(Active-low Data) 
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CD40181B Types 


TABLE I 
TRUTH TABLE 


r~ 




INPUTS/OUTPUT ACTIVE LOW | 

FUNCTION 

LOGIC 

ARITHMETIC* FUNCTION I 


r8EL 



FUNCTION 

M 

= L 

S3 

S2 

SI 

so 

M = H 

c„ = L 

X 

II 

c 

o 

0 

0 

0 

0 

A 

A minus 1 

A 

0 

0 

0 

1 

AB 

AB minus 1 

AB 

0 

0 

1 

0 

A + B 

AB minus 1 

AB 

0 

0 

1 

1 

Logic 1 

minus 1 

Zero 

0 

1 

0 

0 


A plus (A + ‘B) 

A plus (A+ B)plus 1 

0 

1 

0 

1 

B 

AB plus (A + B) 

AB plus (A +"5) plus 1 

0 

1 

1 

0 

A©B 

A minus B minus 1 

A minus B 

0 

1 

1 

1 

A + B 

A + B 

(A + B) plus 1 

1 

0 

0 

0 

AB 

A plus (A + B) 

A plus (A + B) plus 1 

1 

0 

0 

1 

A©B 

A plus B 

A plus B plus 1 

1 

0 

1 

0 

B 

Ag plus (A + B) 

ABplus (A + B)plus 1 

1 

0 

1 

1 

A + B 

A +B 

A + B plus 1 

1 

1 

0 

0 

Logic 0 

A plus A 

A plus A plus 1 

1 

1 

0 

1 

Ag 

AB plus A 

ABplus A plus 1 

1 

1 

1 

0 

AB 

AB plus A 

AB plus A plus 1 

1 

1 

1 

1 

A 

A 

A plus 1 


r 




INPUTS/OUTPUTS ACTIVE HIGH | 

FUNCTION 

LOGIC 

ARITHMETIC* FUNCTION 



ECT 


FUNCTION 

M 

= L 

S3 

S2 

S1 

so 

M = H 

Cn = H 

Cn = U 

0 

0 

0 

0 

A" 

A 

A plus 1 

0 

0 

0 

1 

A + B 

A + B 

(A + B) plus 1 

0 

0 

1 

0 

AB 

A + B 

(A + B) plus 1 

0 

0 

1 

1 

Logic 0 

minus 1 

Zero 

0 

1 

0 

0 

AB 

A plus Ag“ 

A plus AB plus 1 

0 

1 

0 

1 

B 

(A + B) plus AB" 

(A + B) plus AB plus 1 

0 

1 

1 

0 

A©B 

A minus B minus 1 

A minus B 

0 

1 

1 

1 

AB 

AB minus 1 

AB 

1 

0 

0 

0 

A + B 

A plus AB 

A plus AB plus 1 

1 

0 

0 

1 

A©B 

A plus B 

A plus B plus 1 

1 

0 

1 

0 

B 

(A + B) plus AB 

(A + ~B) plus AB plus 1 

1 

0 

1 

1 

AB 

AB minus 1 

AB 

1 

1 

0 

0 

Logic 1 

A plus A 

A plus A plus 1 

1 

1 

0 

1 

A + B 

(A + B) plus A 

(A + B) plus A plus 1 

1 

1 

1 

0 

A + B 

(A + B),plus A 

(A + B) plus A plus 1 

1 

1 

1 

1 

A 

A minus 1 

A 


* Expressed as two’s complement. 1 = HIGH LEVEL 0 = LOW LEVEL 


c 

I25— 

20 40 60 80 S 

I I I I I I I I I 

6 

1 20- 

0^ 1 ^ 1 4n to ■ . ; TD ^ . 



■l ' 1 


— 

■■ ’ 1 


lOO- 

? 1',': 


- 



80- 








122- 

60- 


(3.099- 





-r.- . 


40- 



20- 







!l [k 112 1 A 2 II 2 a 



1— 4-10 



'^(0.102-0.254) 



93-101 ^ 

10 •afi'x—s 



Dimensions and pad layout for CD40181BH. 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~^ inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD40181B Types 


TABLE II 


AC TEST SETUP REFERENCE (ACTIVE-LOW DATA) 


TEST 

DELAY TIMES 

AC PATHS 

DC DATA INPUTS 

MODE* 

INPUTS 

OUTPUTS 

TO Vgs 

TO Vdd 

SUM|[y| to SUMquj 


Any F 

§1, B2, B3, 
M.Cn 

All A's 

ADD 

SUM||y| to P 


P 

M.C„ 

All B's 

ADD 

SUM|[y| to G 

BO 

G 

All A's 

M.Cn 

Bl, B2, B3 

ADD 

SUM(|\j to Cp ,-|.4 

BO 

Cn+4 

All A's, 

M,C„ 

Bl, B3 

ADD 

Cfi to SUMgy-p 

Cn 

Any F 

All A's, 

M 

All U's 

ADD 

Cn to Cn+4 

Cn 

Cn+4 

All A's, 

M 

All B's 

ADD 

SUM| |y| to A = B 

BO 

A= B 

All A's. 
B1,B2, B3, 

M 

Cn 

SUBTRACT 

SUM||«y| to SUMyyj 
(Logic Mode) 

All B's 

Any F 

All A's, 

Cn 

M 

EXCLUSIVE 

OR 


♦ ADD Mode: SO, S3 = Vqq; SI , S2 = Vg 3 . SUBTRACT Mode: SO, S3 = V 55 ; SI, S2 = Vqq. 



TABLE III 

MAGNITUDE COMPARISON 

ACTIVE - HIGH DATA ACTIVE - LOW DATA 


INPUT 

Cn 

OUTPUT 

Cn+4 

MAGNITUDE 


INPUT 

Cn 

OUTPUT 

Cn+4 

MAGNITUDE 

1 

1 

A<B 


0 

0 

A<B 

0 

1 

A<B 


1 

0 

A<B 

1 

0 

A>B 


0 

1 

A>B 

0 

0 

A^B 


1 

1 

A^B 


1 = HIGH LEVEL 
0= LOW LEVEL 
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CD40182B Types 


CMOS Look-Ahead 
Carry Generator 

High-Voltage Types (20-Volt Rating) 

The RCA-CD40182B is a high-speed look- 
ahead carry generator capable of anticipating 
a carry across four binary adders or groups 
of adders. The CD401 82B is cascadable to 
perform full look-ahead across n-bit adders. 
Carry, propagate-carry, and generate-carry 
functions are provided as enumerated in the 
terminal designation below. 

The CD40182B, when used in conjunction 
with the CD40181 B arithmetic logic unit 
(ALU), provides full high-speed look-ahead 
carry capability for up to n-bit words. Each 
CD401 82B generates the look-ahead (antici- 
pated carry) across a group of four ALU's. 
In addition, other CD40182B's may be em- 
ployed to anticipate the carry across sections 
of four look-ahead blocks up to n-bits. Carry 
inputs and outputs of the CD40181 B are 
active-high logic, and carry-generate (G) and 
carry-propagate (P) outputs are active-low. 
Therefore the inputs and outputs of the 
CD40182B are compatible. 

The CD40182B types are supplied in 16- 
lead hermetic dual-in-line ceramic pack- 
ages(Dand Fsuffixes), 16-leaddual-in-line 
plastic packages (E suffix), 1 6-lead ceramic 
flat packages (K suffix), and in chip form (H 
suffix). 

The CD40182B is similar to industry type 
MC14582. 


TERMINAL DESIGNATIONS 


Features: 

■ Generates high-speed carry across four adders 
or adder groups 

■ High-speed operations: 

tpHL = tpLH ® ^DD = 10 V 

■ Cascadable for fast carries over N bits 

■ Designed for use with CD40181B ALU 

■ 100% tested for quiescent current at 20 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Standardized, symmetrical output 
characteristics 

■ Maximum input current of 1 )uA at 18 V 
over full package-temperature range; 100 
nA at 18 V and 25° C 

■ Noise margin (full package-temperature 
range) = 1VatVQQ = 5V 

2 Vat Vdd= 10 V 
2.5 Vat Vdq= 15 V 

■ Meets all requirements of JEDEC Ten- 
tative Standard No. 13A, "Standard 
Specifications for Description of 'B' 

Series CMOS Devices" 

Applications: 

■ High-speed parallel arithmetic units 

■ Multi-level look-ahead carry generation for 
long word lengths 


DESIGNATION 

TERM. 

FUNCTION 

GO,'^,^,'^ 

3, 1, 14, 5 

Active-Low 

Carry -Generate 
Inputs 

PO^ pT,P2^P3 

4. 2, 15, 6 

Active-Low 

Carry-Propagate 

Inputs 

Cn 

13 

Active-High 

Carry Input 

^n+X' ^n+y' 
^n-i-z 

12, 11,9 

Active-High 

Carry Outputs 

G 

10 

Active-Low 

Group 

Carry-Generate 

Output 

P 

7 

Active-Low 

Group 

Carry -Propagate 
Output 



yJcs-2r6Z4 

TERMINAL ASSIGNMENT 




"AU. INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 


92CM- 27625 


CD40182B Logic Equations: 

^n+x = GO + PO • Cp, 

Cn+y =G1+P1 GO-t-PI POCn 
Cp+z = G2 + P2 • G1 P2 • PI • GO + P2 • PI • PO • Cn 
G = G3 + P3 ■ G2 + P3 • P2 • G1 + P3 ■ P2 • PI • GO 


P = P3 • P2 • PI • PO 
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CD40182B Types 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply Voltage Range (ForT^ = Full 
Package-Temperature Range) 

3 

18 

V 


MAXIMUM RATMiGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vdd) 

(Voltages referenced to Vss Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0-5 V 

DC INPUT CURRENT, ANYONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pq): 

For T^ = -40 to +60° C (PACKAGE TYPE E) 500 mW 

For T^ = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T^ = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

For T^ = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H -55 to +125°C 

PACKAGE TYPE E -40to+85°C 

STORAGE TEMPERATURE RANGE (Tgtg) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (®C) 
Values at -55 +25, +125 Apply to D, F, K, H Packages 
Values at —40, +25, +85 Apply to E Package 

UNITS 

Vo 

(V) 

V|N 

(V) 

Vdd 

(V) 



+25 

-55 

-40 

+85 

+125 

Min. 

Typ. 

Max. 

Quiescent Device 
Current, 

Idd Max. 

- 

0,5 

5 

5 

5 

150 

150 

- 

0.04 

5 

pA 

- 

0,10 

10 

10 

10 

300 

300 

- 

0.04 

10 

- 

0,15 

15 

20 

20 

600 

600 

- 

0.04 

20 

- 

0,20 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

Output Low 
(Sink) Current 
Iql Min. 

0.4 

0,5 

5 

0.64 

0.61 

0.42 

0.36 

0.51 

1 

- 

mA 

0.5 

0,10 

10 

1.6 

1.5 

1.1 

0.9 

1.3 

2.6 

- 

1.5 

0,15 

15 

4.2 

4 

2.8 

2.4 

34 

6.8 

- 

Output High 
(Source) 

Current, 

IqH Min. 

4.6 

0,5 

5 

-0.64 

-0.61 

-0.42 

-0.36 

-0.51 

-1 

- 

2.5 

0,5 

5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

9.5 

0,10 

10 

-1.6 

-1.5 

-1.1 

-0.9 

-1.3 

-2.6 

- 

13.5 

0,15 

15 

-4.2 

-4 

-2.8 

-2.4 

-3.4 

-6.8 

- 

Output Voltage: 
Low-Level, 

Vql Max. 

- 

0,5 

5 

0.05 

- 

0 

0.05 

V 

- 

0,10 

10 

0.05 

- 

0 

0.05 

- 

0,15 

15 

0.05 

- 

0 

0.05 

Output Voltage: 
High-Level, 

VqH Min. 

- 

0,5 

5 

4.95 

4.95 

5 

- 

- 

0,10 

10 

9.95 

9.95 

10 

- 

- 

0,15 

15 

14.95 

14.95 

15 

- 

Input Low 
Voltage, 

ViL Max. 

0.5, 4.5 

- 

5 

1.5 

— 

- 

1.5 

V 

1 9 

- 

10 

3 

- 

- 

3 

1.5,13.5 

- 

15 

4 

- 

- 

4 

Input High 
Voltage, 

ViH Min. 

0.5, 4.5 

- 

5 

3.5 

3.5 

- 

- 

1,9 

- 

10 

7 

7 

- 

— 

1.5,13.5 

- 

15 

11 

11 

- 

- 

Input Current 
l|N Max. 

- 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10-^ 

±0.1 

/iA 



Fig. 2 — Typical output low (sink) 
current characteristics. 



Fig. 3 — Minimum output low (sink) 
current characteristics. 



DRAIN-TO-SOURCE VOLTAGE (Vos)— V 



Fig. 4 — Typical output high (source) 
current characteristics. 


DRAIN-TO-SOURCE VOLTAGE (Vds)— V 



Fig. 5 — Minimum output high (source) 
current characteristics. 
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CD40182B Types 




Fig. 7 - Typical propagation delay time as a function 

of load capacitance (P, G In to P, G Out Fig. 8 - Typical power dissipation as a function of Ftg. 9 - Power dissipation test circuit. 


and Carry-Outs). input frequency. 



Fig. 10 - Quiescent device current test circuit. 


Vdo 



Vcc TEST ANY COMBINATION 

OF INPUTS 

92CS-2744IRI 

Fig. 11 — Input voltage test circuit. 

Applications 



Fig. 12 — Input current test circuit. 



92CS-27626RI 


Fig. 13 - 16-Bit two-level look-ahead ALU. 













CD40182B Types 


G P 0 P 0 p 


°° O' PI C„+.^ Oi P2 c„^, 03 P3| I I GO PO Cn»i Gl PI C„4-y G2 P2 Cnfi G3 P3 1 I f GO P(| 


Fig. 14 - 64-Bit full carry look-ahead AL U in 3 levels. 



GO PO Cn** Gl PI Cn«y G2 P2 Cn«i G3 P3l 



Fig. 15 — Combined two-level look-ahead and ripple-carry ALU. 


DIMENSIONS AND PAD LAYOUT FOR CD40182BH 


0 10 20 30 40 50 60 70 80 86 



63-71 

(I.600-I.803) 


(0.102-0.254) 

83-91 — 

(2.108-2.311) 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as 
indicated. Grid graduations are in mils (10~^ inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +76 mils applicable to the nominal 
dimensions shown. 
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CD40192B, CD40193B Types 


l 


CMOS Presettable 
Up/Down Counters 
(Dual Clock With Reset) 

High-Voltage Types (20-Volt Rating) 
CD40192- BCD Type 
CD40193 — Binary Type 

The RCA-CD40192B Presettable BCD Up/ 
Down Counter and the CD40193B Preset- 
table Binary Up/Down Counter each consist 
of 4 synchronously clocked, gated "D" type 
flip-flops connected as a counter. The inputs 
consist of 4 individual jam lines, a PRESET 
ENABLE control, individual CLOCK UP 
and CLOCK DOWN signals and a master RE- 
SET. Four buffered Q signal outputs as well 
as CARRY and BORROW outputs for mul- 
tiple-stage counting schemes are provided. 

The counter is cleared so that all out- 
puts are in a low state by a high on the RE- 
SET line. A RESET is accomplished asynchro- 
nously with the clock. Each output is 
individually programmable asynchronously 
with the clock to the level on the cor- 
responding jam input when the PRESET 
ENABLE control is low. 

The counter counts up one count on the 
positive clock edge of the CLOCK UP sig- 
nal provided the CLOCK DOWN line is high. 
The counter counts down one count on the 
positive clock edge of the CLOCK DOWN 
signal provided the CLOCK UP line is high. 

The CARRY and BORROW signals are high 
when the co unter is counting up or down. 
The CARRY signal goes low one-half clock 
cycle after the counter reaches its maximum 
count in the count-up mode. The BORROW 
signal goes low one-half clock cycle after 
the counter reaches its minimum count in the 
count-down mode. Cascading of multiple pack- 
ages is easily accomplished without the need 
for additio nal ext ernal circ uitry by tying the 
BORROW and CARRY outputs to the 
CLOCK DOWN and CLOCK UP inputs, 
respectively, of the succeeding counter 
package. 

The CD40192B and CD40193B types are 
supplied in 16-lead hermetic dual-in-line 
ceramic packages (D and F suffixes), 16- 
lead dual-in-line plastic packages (E suffix), 
16-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 


Features: 

■ Individual clock lines for counting up or counting down 

■ Synchronous high-speed carry and borrow propagation 
delays for cascading 

■ Asynchronous reset and preset capability 

B Medium-speed operation— f^L = 8 MHz (typ.) @ 10 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Standardized, symmetrical output 
characteristics 

■ 100% tested for quiescent current at 20 V 
B Maximum input current of 1 /lA at 18 V 

over full package temperature range; 100 
nAat 18 V and 25'’C 

■ Noise margin over full package temperature 
range: 

1 V at VpD = 5 V 2 V at V^p = 10 V 



2.5VatVDD = ''5V 

■ Meets all requirements of JED EC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 


Applications: 

■ Up/down difference counting 

■ Multistage ripple counting 



■ Synchronous frequency dividers 


■ A/D and D/A conversion 


CD40192B,CD40193B 


■ Programmable binary or BCD counting 


TERMINAL ASSIGNMENT 


RESET 



CONTROL LOGIC I ■ SAME AS CONTROL LOGIC I 


92CM-28984R1 



Fiff. 1 — CD40192B logic diagram (BCD). 











CD40192B, CD40193B Types 


RESET 



CONTROL LOGIC I ■ SAME AS CONTROL LOGIC I 


92CM-28984RI 



Fig. 2 — CD40193B logic diagram (binary). 



J 


‘l.H-S ^(<965 

Fig. 4 ~ Internal logic of Flip-flop. 


TRUTH TABLE 


CLOCK 

UP 

— 

CLOCK 

DOWN 

PRESET 

ENABLE 

RESET 

ACTION 


1 

1 

0 

COUNT UP 


1 

1 

0 

NO COUNT 

1 


1 

0 

COUNT DOWN 

1 


1 

0 

NO COUNT 

X 

X 

0 

0 

PRESET 

X 

X 

X 

1 

RESET 


1= HIGH LEVEL 0 = LOW LEVEL X = DON'T CARE 



92CS-?898r 


Fig. 3 — CD40192B timing diagram. 



Fig. 5 — CD40193B timing diagram. 



Fig. 6 — Typical output low (sink) 
curren t charac ter is tics. 
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CD40192B, CD40193B Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE. (Vdd) 

(Voltages referenced to Vss Terminal) 

INPUT VOLTAGE RANGE, ALL INPUTS . . . . 
DC INPUT CURRENT, ANY ONE INPUT .... 
POWER DISSIPATION PER PACKAGE (Pp): 
For Ty^ = -40 to +60° C (PACKAGE TYPE E) 


For T^ = +60 to +85°C (PACKAGE TYPE E) Derate Linearly 

For T^ = -55 to +100°C (PACKAGE TYPES D, F, K) 

For T^ = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 


For T^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 
OPERATING-TEMPERATURE RANGE (T^): 

PACKAGE TYPES D, F, K, H 

PACKAGE TYPE E 

STORAGE TEMPERATURE RANGE (Tstg) 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max. . . . 


-0.5 to +20 V 

-0.5 to Vdd +0-5 V 

±10 mA 

500 mW 

at 12 mW/°C to 200 mW 

500 mW 

at 12 mW/°C to 200 mW 

100 mW 

-55 to +1 25° C 

-40 to +85° C 

-65 to +1 50° C 

+265° C 


RECOMMENDED OPERATING CONDITIONS at T^ = 250C (unless otherwise specified) 

For maximum reliability, nominal operating conditions should be selected so that operation is 
always within the following ranges. 


CHARACTERISTIC 

^DD 

(V) 

LIMITS 

UNITS 


Min. 

Max. 


Supply Voltage Range (ForT/^ = Full Temp. Range) 

- 

3 

18 

V 


5 

80 

_ 


Removal Time: 

10 

40 


ns 

RESET or ^ 



1 5 

30 

— 


Pulse Width: 

5 

10 

480 

300 

- 

ns 

RESET 


15 

260 

— 



5 

240 

- 



10 

170 

- 

ns 


15 

140 

- 




180 



CLOCK 


90 




15 

60 


HI 




B 

HU 

Clock Input Frequency 


DC 







HH 


5 

- 

15 


Clock Rise & Fall Time 

10 

- 

15 

ps 


15 

- 

5 




Fig. 7 — Minimum output low (sink) 
current characteristics. 


DRAIN-TO-SOURCE VOLTAGE (Vos)— V 



Fig. ^ — Typical output high (source) 
current characteristics. 
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Fig. 9 — Minimum output high (source) 
current characteristics. 
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RESET- 
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* 
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REMOVAL TIME 
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Fig. 10 — Timing diagram defining t^^^. 



Fig. 11 — Typical transition time as a 
function of load capacitance. 
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CD40192B, CD40193B Types 




Fig. 12 — Typical propagation delay time 
as a function of load capacitance. 



Fig. 13 — Dynamic power dissipation. 




Dimensions and pad layout for the CD40192BH 
(dimensions and pad layout for the CD40193BH 
are identical). 

Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~^ inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils fo +16 mils applicable to the nominal 
dimensions shown. 


467 





CD40192B, CD40193B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T/\ = 25°C 
Input tp tf = 20 ns. Cl = 50 pF, Rl = 200 kQ 


CHARACTERISTIC 


LIMITS 

UNITS 


(V) 

Min. 

Typ. 

Max. 


Propagation Delay Time tp^L^ ^PLH- 

5 

10 

- 

250 

120 

500 

240 

H5 

CLOCK UP or CLOCK DOWN to Q, RESET to Q 







15 

— 

90 

180 



5 


200 

400 


PE to 0 

10 


Iwil 




15 

- 

ii 




5 

- 

160 

320 


CLOCK UP to CARRY, CLOCK DOWN to BORROW 

10 

- 

80 

160 



15 

- 

60 

120 



5 

- 

KBBl 

600 


RESET or PE to BOR ROW or CAR RY 

10 

- 

150 

300 



15 

- 

110 

220 



5 

- 

Hitil 

200 


Transition Time, tyLH 

10 

- 

50 

100 

ns 


15 

- 

40 

80 



5 

_ 

40 

80 


Min. Removal Time, RESET or PE 

10 

- 

20 

40 

ns 


15 

- 

15 

30 



5 

- 

240 

480 


Min. Pulse Width, t^ RESET 

10 

- 

150 

300 

ns 


15 

- 

130 

260 



5 

- 

120 

240 


PE 

10 

- 

85 

170 

ns 


15 

- 

70 

140 



5 

- 

90 

180 


CLOCK 

10 

- 

45 

90 

ns 


15 

- 

30 

60 



5 

2 

4 

_ 


Max. Clock Input Frequency, f^L 

10 

4 

8 

- 

MHz 


15 

5.5 

11 

- 



5 

- 

- 

15 


Clock Rise & Fall Time, t^, t^ 

10 

- 

- 

15 

Ais 


15 

- ! 

- 

5 


Input Capacitance, C|(\j: 






RESET 

- 

- 

10 

15 

pF 

All Other Inputs 

- J 

- 

5 

7.5 

pF 


* The time required for RESET or PRESET ENABLE control to be removed before clocking (see timing 
diagram, Fig. 10. 



Fig. 14 - Dynamic power dissipation test circuit. 


''dd 



Fig. 15— Quiescent-device-current test circuit. 
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Fig. 16 - Input-voltage test circuit. 


'^DD 


VOD 


Vss 
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Vss 


NOTE: 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH Vdd ANO Vgs 
CONNECT ALL UNUSED. 
INPUTS TO EITHER 

Vdd or Vss 
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Fig. 17 — Input current test circuit. 


Jl J2 J3 J4 Jl J2 J3 J4 



ENABLE 

92CS- 2756 SRI 

Fig. 18 — Cascaded counter packages. 
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CD40208B Types 


CMOS 4x4 Multiport 
Register 

High-Voltage Types (20-Volt Rating) 


The RCA-CD40208B is a 4 x 4 multiport 
register containing four 4-bit registers, write 
address decoder, two separate read address 
decoders, and two 3-state output buses. 

When the ENABLE input is low, the cor- 
responding output bus is switched, inde- 
pendently of the clock, to a high-impedance 
state. The high-impedance third state pro- 
vides the outputs with the capability of being 
connected to the bus lines in a bus-organized 
system without the need for interface or 
pull-up components. 

When the WRITE ENABLE input is high, 
all data input lines are latched on the positive 
transition of the CLOCK and the data is 
entered into the word selected by the write 
address lines. When WRITE ENABLE is low, 
the CLOCK is inhibited and no new data is 
entered. In either case, the contents of any 
word may be accessed via the read address 
lines independent of the state of the CLOCK 
input. 

The CD40208B types are supplied in her- 
metic 24-lead dual-in-line ceramic packages 
(D and F suffixes), 24-lead dual-in-line plas- 
tic packages (E suffix), 24-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 



TOP VIEW 


92CS- 28S50RI 


TERMINAL ASSIGNMENT 


Features: 

■ Four 4-bit registers 

■ One input and two output buses 

■ Unlimited expansion in bit and word 
directions 

■ Data lines have latched inputs 

■ 3-state outputs 

■ Separate control of each bus, allowing 
simultaneous independent reading of 
any of four registers on Bus A and 
Bus B and independent writing into 
any of the four registers 

■ Standardized, symmetrical output 
characteristics 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 juA at 18 V 
over full package-temperature range; 

100 nA at 18 V and 25^C 

■ Noise margin (over full package- 
temperature range): 

1 V at Vqd = 5 V 

2 Vat Vdd = 10V 
2.5 Vat Vdd = 15 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC 
Tentative Standard No. 13A, “Standard 
Specifications for Description of 'B' 

Series CMOS Devices" 

Applications: 

■ Scratch-pad memories 

■ Arithmetic units 

■ Data storage 



92CS-29220 


Fig. 1 — Block diagram. 
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CLOCK 

WRITE 

ENABLE 

WRITE 

1 

WRITE 

0 

READ 

1A 

READ 

OA 

READ 

IB 

READ 

OB 

ENABLE 

A 

ENABLE 

B 

Dn 

QnA 
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word 0 

Word 1 

out 

Word 2 

out 
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0 
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1 

0 

1 

1 

Word 0 
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Word 1 

out 

Word 2 

out 

x 

X 

X 

X 


0 

0 

1 

1 

1 

X 

Word 2 

out 

Word 1 

out 


X 

X 

X 

X 

X 

X 

X 

1 

1 

X 

NC 

NC 


1 = HIGH LEVEL: 0 ^ LOW LEVEL, X - DON'T CARE. Z- HIGH IMPEDANCE 
SI and S2 refer to input stales ol either 1 oi 0 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE. (Vdd) 

(Voltages referenced to Vss Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pd): 

For T^ = -40 to +60° C (PACKAGE TYPE E) 500 mW 

For T^ = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T^ = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

For T^ = +100 to +125°C (PACKAGE TYPES D, F. K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T^): 

PACKAGE TYPES D, F. K, H -55to+125°C 

PACKAGE TYPE E -40to+85°C 

STORAGE TEMPERATURE RANGE (Tstg) -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 
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CD40208B Types 


RECOMMENDED OPERATING CONDITIONS at = 25^0, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

CHARACTERISTIC U 


lAMBIENT TEMPERATURE ITa)*25*C-4 


jGATE-TO-SCXJRCE VOLTAGE (Vgs)*I5 V 


Supply Voltage Range 
(For = Full Package 
Temperature Range) 
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CD40208B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 

ISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES PC) 
Values at -55, +25, +1 25 Apply to D,K,F,H Packages 
Values at —40, +25. +85 Apply to E Package 

UNITS 

Vo 

(V) 

V|N 

(V) 

vdd 

(V) 


+25 

1121^^111 

B 

+85 


ESS9 

Typ. 


Quiescent Device 
Current, 

IDD Max. 

- 

K3 

5 


5 

150 

B 

HI 

0.04 

5 

/iA 

- 

EIPl 

■a 

■a 

ma 

WiJijji 


- 

EEI 

B 

- 

Ha 

■a 



600 

600 

- 

mrsm 

HI 

- 

0,20 

20 

100 

100 

3000 

3000 

- 


HI 

Output Low 
(Sink) Current 
Iql Min. 

0.4 


wm 



ESS 

ES3 

nn 


- 


0.5 

it^ni 

m 

■a 

B 

B 

Bl 

B 

Bi 

- 

1.5 


■a 

ma 

4 

2.8 

ma 

B 

^H 

- 

Output High 
(Source) 
Current, 

Iqh Min. 

mm 


5 





QH 

-1 

- 

WEm 


5 

B 

HO 

BEI 

OSS 

HO 

HOI 

- 

9.5 

ign«i 

ma 

BO 

HO 


BO 

HO 

im 

- 



■a 

ES 

-4 

BO 

■BSI 

HO 

BH 

- 

Output Voltage: 
Low-Level, 

Vql Max. 

- 


B 

0.05 

- 

0 

0.05 

V 

_ 

BBI 

B 

0.05 

- 

0 

0.05 

- 


■a 

0.05 

- 

0 


Output Voltage: 
High-Level, 

Vqh Min. 

- 


5 

4.95 

EEB 

5 

- 

- 

Ena 

■a 

9.95 

EES 

HEH 

- 

- 

QQ 

■a 

14.95 

BmE3 

15 

- 

input Low 
Voltage, 

V|L Max. 

0.5, 4.5 

- 

5 

1.5 

— 

- 

B 

V 

1,9 

- 

■a 

3 

- 

— 

B 

15. 13.5 

- 

■a 

4 

- 

- 

4 

Input High 
Voltage. 

V|H Min. 

0.5, 4.5 

- 


3.5 

IQH 

- 

— 

1,9 

- 

■a 

7 

7 _ 

— 



- 

B 

11 

B 


-- 


- 

0.18 

18 

±0.1 

±0.1 

±1 

±1 

- 

m 



3-State Output 
Leakage Current 
•out Max. 


0.18 

18 

±0.4 

±0.4 

±12 

±12 

■ 

±10-4 

±0.4 




114-122 
1 ( 2 . 896 - 3 . 098 ) 



INPUT FREQUENCY (fjj-kHz 

92CS- 29216 

Fig. 10 — Typical power dissipation as a 
function of input frequency. 


Vss 



NOTE 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH Vdo ANO VgS' 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
VdoO^Vss 


Fig. 11 — Input leakage current 
test circuit. 
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4-10 
( 0 . 102 - 0 . 254 ) 

126-134 

( 3 . 200 - 3 . 403 )" 


92CM- 29234 


Fig. 12 — Quiescent-device-current 
test circuit. 


Dimensions and Pad Layout for CD40208BH 

Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10~~^ inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD40208B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T^ = 250C; Input t^tf = 20 ns. 
Cl = 50pf, Rl= 200 wa 


CHARACTERISTIC 

VdD 

LIMITS 

UNITS 

(V) 

Min. 

Typ. 

Max. 


Propagation Delay Time; 

5 

- 

360 

720 


tPHL-tPLH 

10 

- 

140 

280 

ns 

Clock or Write Enable to Q 

15 

- 

100 

200 


Read or Write Address to Q 

5 

- 

300 

600 



10 

- 

120 

240 

ns 


15 

- 

85 

170 


3-State Disable Delay Time: 

5 

- 

100 

200 



10 

- 

50 

100 

ns 

tpZH'tPHZ 

15 

- 

40 

80 


tpZL'^PLZ 

5 

- 

130 

260 



10 

- 

60 

120 

ns 


15 

- 

50 

100 


Output Transition Time: 

5 

- 

100 

200 


^THL'^TLH 

10 

- 

50 

100 

ns 


15 

- 

40 

80 


Minimum Setup Time: 

5 

- 

-95 

0 


Data to Clock tg^pj 

10 

- 

-35 

0 

ns 

15 

- 

-20 

0 



5 

- 

125 

250 


Write Enable to Clock 

10 

- 

50 

100 

ns 

15 

- 

35 

70 



5 

- 

125 

250 


Write Address to Clock ^s{\NA) 

10 

- 

50 

100 

ns 

15 

- 

35 

70 


Clock Rise and Fall Time; 

5 

- 

- 

15 


tpCL, tfCL 

10 

- 

- 

5 

/iS 


15 

- 

- 

5 


Minimum Hold Time: 

5 

- 

110 

220 


Data to Clock 

10 

- 

50 

100 

ns 

15 

- 

40 

80 



5 

- 

135 

270 


Write Enable to Clock 

10 

- 

65 

130 

ns 

15 

- 

40 

80 



5 

- 

165 

330 


Write Address to Clock 

10 

- 

70 

140 

ns 

15 

— 

45 

90 



5 

1.5 

3 

_ 


Maximum Clock Input Frequency, 

10 

3.5 

7 

_ 

MHz 

^CL 

15 

4.5 

9 

- 


Minimum Clock Pulse Width, 

5 

- 

175 

350 


Clock or Write Enable 

10 

- 

65 

130 

ns 

%(CL) 

15 

- 

45 

90 


Write Address 

5 

- 

150 

300 


%(WA) 

10 

- 

75 

150 

ns 


15 

- 

45 

90 


Average Input Capacitance, 



5 

7.5 

pF 

(Any Input) C| 





'^00 



j NOTE 

Vcc TEST ANY COMBINATION 

OF INPUTS 


92CS-274mRI 


Fig. 13— Input-voltage test circuit. 
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Fig. 14 — Output-enable-delay-times test 
circuit and waveforms. 
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Fig. 15 — Power-dissipation test circuit 
and waveforms. 
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CD40257B Types 


CMOS 

Quad 2-Line-to-1-Line 
Data Seiector/Multi 
plexer 

High-Voltage Types (20-Volt Rating) 

The RCA-CD40257B is a Data Selector/Multi- 
plexer featuring three-state outputs which 
can interface directly with and drive data 
lines of bus-oriented systems. 

The CD40257B types are supplied in 16- 
lead hermetic dual-in-line ceramic packages 
(D and Fsuffixes), 16-lead dual-in-line plas- 
tic packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


Features: 

■ 3-state outputs 

■ Standardized, symmetrical output characteristics 

■ 100% tested for quiescent current at 20 V 

■ Maximum input current of 1 juA at 18 V 
over full package-temperature range; 

100 nA at 18 V and 250 c 

■ Noise margin (over full package- 
temperature range): 

1 V at Vdd = 5 V 

2 Vat Vdd = 10 V 
2.5 Vat Vdd = 15 V 

■ 5-V, 10-V, and 15-V parametric ratings 

■ Meets all requirements of JEDEC 
Tentative Standard No. 13A, "Standard 
Specifications for Description of 'B' 

Series CMOS Devices" 


OUTPUT 

DISABLE 



FUNCTIONAL DIAGRAM 


Applications: 


■ Digital Multiplexing 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vqd) 

(Voltages referenced to Vss Terminal) -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vdd +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pd): 

For T^ = -40 to +60“ C (PACKAGE TYPE E) 500 mW 

For T^ = +60 to +85“C (PACKAGE TYPE E) Derate Linearly at 12 mW/“C to 200 mW 

For T^ = -55 to +100“C (PACKAGE TYPES D, F, K) 500 mW 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T^): 

PACKAGE TYPES D, F, K, H -55to+125“C 

PACKAGE TYPE E -40to+85'’C 

STORAGE TEMPERATURE RANGE (Tgtg) -65to+150“C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265“C 



Vss 


■ Shift-right/shIft-left registers 

■ True/complement selection 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating 
conditions should be selected so that oper- 
ation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

Min. 

Max. 

Supply-Voltage Range 
(ForTA = Full Package- 
Temperature Range) 

3 

18 

V 


TRUTH TABLE 


INPUTS 1 

OUTPUT 

3-STATE 

OUTPUT 

DISABLE 

SELECT 

A 

B 

D 

1 

X 

B 

a 

Z 

0 

0 

n 

□ 

0 
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.0 
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a 

1 

0 

1 

B 

El 

0 

0 

1 

B 

D 

1 


X = DON'T CARE LOGIC 1 = HIGH 


LOGIC 0 = LOW Z = HIGH IMPEDANCE 



DRAIN- TO-SOURCE VOLTAGE (Vqs) - V 

Fiq.2 — Typical output low (sink) 


Fig. 1 - Logic diagram for CD40257B. 


current characteristics. 
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CD40257B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARAC- 

TERISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (<>0 
Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at — 40,+25,-f85 Apply to E Pkgs. 

UNITS 

Vo 

(V) 

V|N 

(V) 

Vdd 

(V) 

-55 



+125 

+25 

Min. 

Typ. 


Quiescent 

Device 

Current 

IqD Max. 

- 

B3 

5 

1 

M 


MSM 

- 

0.02 

1 


- 

EBJ 

■CT 

2 

2 

60 

■STiMI 

HI 


2 

- 


mm 

4 

4 

mil 

BEEI 

HI 

aiiivi 

4 

- 

limj 


20 

IlgjU 

nuiii 

WtSM 

- 

0.04 1 

im 

Output Low 
(Sink) 
Current, 

IolM'i- 

■s 


H 

0.64 


HSI 

0.36 

0.51 

m 

_ 

mA 


IsSIi] 

mm 

1.6 

tm 

HB 

gilsM 

HI 

Biai 

- 

1.5 

Pia 

mm 

■a 

4 

IQI 

BB 

an 

6.8 

- 

Output High 
(Source) 
Current, 

'oh 

4.6 

liXdi 

5 



BTigfel 

BilcTil 


-1 

- 

2.5 

ES 

KB 

-2 

-1.8 

BQ 

BWa 

bb 

-3.2 

- 

9.5 


BE! 

-1.6 

-1.5 

BD 


BB 

B^ 

- 

13.5 


■a 

-A.2 

-4 

-2.8 

B 


-6.8 

- 

Output Volt- 
age: 

Low-Level. 

Vql 



5 

0.05 

_ 




- 

IslLl 

mm 

0.05 

- 

0 


- 


■a 

0.05 

- 


0.05 

Output Volt- 
age: 

High-Level, 

Vqh 



H 

4.95 

4.95 

H 


- 

BtEl 

BEI 

9.95 


10 

- 

- 

Og 

■a 

14.95 

14.95 

15 

- 

Input Low 
Voltage, 

V|L Max. 

0.5,4.5 

- 

wm 

1.5 

_ 

_ 

IB 


1,9 

- 

BEI 

3 

- 

- 

3 


- 

■a 

4 

- 

- 

4 

Input High 
Voltage, 

V|^ Min. 

0.5,4.5 

- 

B 

3.5 

lEBI 

_ 

_ 

1.9 

- 

mm 

7 

7 

_ 

_ 

1.5,13.5 

- 

15 

11 

11 

- 

- 

Input 

Current, 
l|fy| Max. 

- 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10-5 

±0.1 

/jA 

3-State Output 
Leakage 
Current 

•out Max- 


0,18 

18 

±0.4 

±0.4 

±12 

±12 

- 

±10-4 

±0.4 

juA 



ORAIN-TO-SOURCE VOLTAGE (Vds) — V 


Fig. 3 — Minimum output low (sink) 
current characteristics. 

DRAIN- TO- SOURCE VOLTAGE (Vds)—V 



Fig.4 — Typical output high (source) 
current characteristics. 


ORAIN-TO-SOURCE VOLTAGE (Vos)-V 
H5 -TO ^ 0 
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DYNAMIC ELECTRICAL CHARACTERISTICS at T^ = 250C; Input tf = 20 ns, 
CL = 50pF, Rl = 200 KH 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 


Vdd(V) 

Typ. 

Max. 

Propagation Delay Time: 

Data Input to Output, 
tPHL, tPLH 


5 

10 

15 

150 

70 

50 

300 

140 

100 

ns 

Select to Output, 
tPHL. tPLH 


5 

10 

15 

190 

85 

65 

380 

170 

130 

ns 

Output Disable to Output, 
tPHL. tPLH 


5 

10 

15 


190 

100 

80 

ns 

Transition Time, 
tTHL. tTLH 


5 

10 

15 

100 

50 

40 

200 

100 

80 

ns 

Input Capacitance, C|N 

Any Input 

- 


B 

pF 


f2C$-2432iR2 

Fig.5 - Minimum output high (source) 
current characteristics. 



Fig.6 — Typical propagation delay time as a 
function of load capacitance (DATA 
INPUT to OUTPUT). 
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CD40257B Types 
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LOAD CAPACITANCE (Ci.)— pF 

92CS-24322 

Fig. 7 — Typical transition time as a function 
of load capacitance. 



Fig. 8 — Typical dynamic power dissipation as a 
function of input frequency (one 
INPUT to one OUTPUT). 



Fig. 9 — Input current test circuit. 



Fig. 10 - Input voltage test circuit. 


Voo 



Fig. 11 — Quiescent device 
current test circuit. 



sacs'- 27321 


TERMINAL ASSIGNMENT 


Dimensions and pad layout for CD40257BH. 



Dimensions in parentheses are in miliimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (TO"® inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when It is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CMOS A-Series 


Integrated Circuits 
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GD4000A, CD4001A, CD4002A, CD4025A Types 


CMOS NOR Gates 

Dual 3 Input 
plus lnverter~CD4000A 
Quad 2 lnput-CD4001 A 
Dual 4 Input— CD4002A 
Triple 3 lnput-CD4025A 

The RCA-CD4000A, CD4001A, CD4002A, 
and CD4025A NOR gates provide the system 
designer with direct implementation of the 
NOR function and supplement the existing 
family of CMOS gates. 

These types are supplied in 14-lead her- 
metic dual-in-line ceramic packages (D and 
F suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


Features: 

■ Quiescent current specified to 15 V 

■ Maximum input leakage of 1 /LtA at 15 V 
(full package-temperature range) 

■ 1-V noise margin (full package-tempera- 
ture range) 


RECOMMENDED OPERATING CONDITIONS 


FUNCTIONAL DIAGRAMS 



MAXIMUM RATINGS, /A/)S0/ufe*4fax/mum Values: 

STORAGE-TEMPERATURE RANGE (Tstg) -65to+150°C 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H -55to+125*C 

PACKAGE TYPE E -40to+85*C 

DC SUPPLY-VOLTAGE RANGE, (Vdd) 

(Voltages referenced to Vss Terminal) : -0«5 to +1 5 V 

POWER DISSIPATION PER PACKAGE (Pq): 

FOR Ta = -40 to +60°C (PACKAGE TYPE E ) . 500 mW 

FOR Ta = +60 to +85°C (PACKAGE TYPE E ) Derate Linearly at 12 mW/ C to 200 mW 

ForTA = -55to+100°C‘(PACKAGETYPESD, F, K) 500 mW 

For Ta = +100 to H-iaS^C (PACKAGE TYPES D, F, K) .... Derate Linearly at 12 mW/"C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = full PACKAGE-TEMPERATURE range (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to VqD +0-5 V 

LEAD TEMPERATURE (DURING SOLDERING): ^ 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265 C 


For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

MIN. 1 MAX. 

UNITS 

Supply-Voltage Range (For Ta = 
Full Package-Temperature 
Range) 

3 

12 

V 


DYNAMIC ELECTRICAL CHARACTERISTICS af = 25° C, = 15 pF, Input tf = 20ns 




LIMITS 


CHARACTERISTIC 

TEST 

CONDITIONS 

D, F, K, H 
PACKAGES 

E 

PACK 

AGE 

UNITS 











(Volts) 

TYP. 

MAX. 

TYP. 

MAX. 


Propagation Delay Time: 


5 

35/60 

50/95 

35/60 

80/95 


High-to-Low Level, 


10 

25/35 

40/60 

25/35 

55/60 

ns 

Vhl 








Low-to-High Level, 


5 

35/80 

95/120 

35/80 

120/120 


^PLH 


10 

25/40 

45/65 

25/40 

65/65 

ns 

Transition Time: 


5 

65 

125 

65 

200 


High-to-Low Level, 

^THL 


10 

35 

70 

35 

115 

ns 

Low-to-High Level, 


5 

65 

175 

65 

300 


^TLH 


10 

35 

75 

35 

125 

ns 

Input Capacitance, C| 

Any Input 

5 

- 

5 

- 

PF 


Note: Numbers to the right of slash mark are for CD4025A; 

numbers to the left of slash mark are for 4000A, 4001 A, and 4002A. 



INPUT VOLTAGE (Vi)-V 

MCS-ir779R2 


Fig. 1 — Minimum & maximum voltage transfer 
characteristics. 



INPUT VOLTAOe (Vt1-V 

92CS-I77AO 


Fig. 2 — Typical voltage transfer characteristics 
as a function of temperature. 







CD4000A, CD4001A, CD4002A, CD4025A Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTERISTICS 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (“O 

UNITS 

D, F, K, H PACKAGES 

E PACKAGE 

Vo 

(V) 

V|N 

(V) 

< 
< o 
o 

-55 

+25 

+125 

-40 

+25 

+85 

TYP. 

LIMIT 

TYP. 

LIMIT 

Quiescent Device 
Current, l|^ Max. 

- 

- 

B 




3 




Q 

pA 

- 

- 

10 

0.1 

0.001 

0.1 

6 

5 

0.005 

5 

30 

- 

- 

15 

2 

0.02 

2 

40 

50 

0.5 

50 

500 

Output Voltage: 

Low Level, 

Vql 

- 

0, 5 

5 

0 Typ.; 0.05 Max 

V 

- 

0, 10 

10 

0 Typ.; 0.05 Max 

High Level 

Vqh 

- 

0, 5 

5 

4.95 Min.; 5 Typ. 

- 

0,10 

10 

9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low, 

Vnl 

3.6 

- 

5 

1.5 Min.; 2.25 Typ. 

V 

7.2 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High 

Vnh 

1.4 

- 

5 

1.5 Mih.; 2.25 Typ. 

2.8 

- 

10 

3 Min.; 4.5 Typ. 

Noise Margin: 

Inputs Low, 

''nml 

4.5 

- 

5 

1 Min. 

V 

9 

- 

10 

1 Min. 

Inputs High, 

^NMH 

0.5 

- 

5 

1 Min. 

1 

- 

10 

1 Min. 

Output Drive 

Current: 

N-Channel 

(Sink), 

IpN Min. 

0.4 


5 

0.5 

1 

0.4 

0.28 

0.35 

1 

0.3 

0.24 

mA 

0.5 

- 

10 

1.1 

2.5 

0.9 

0.65 

0.72 

2.5 

0.6 

0.48 

P-Channel 

(Source): 

IpPMin. 

2.5 

i 

- 

5 

-0.62 

-2 

-0.5 

-0.35 

-0.35 

-2 


-0.24 


- 

B 


-1 




-1 



Input Leakage 
Current, 

'iL' 'iH 

Any Input 

15 

±10"® Typ., ±1 Max. 




92cs-i7rre 

Fig. 3 — Typical current & voltage transfer 
characteristics. 



Fig. 4 — Typical n-channel drain characteristics. 



NOR GATES 

DRAIN-TO-SOURCE VOLTS (V05I 



Fig. 5 — Typical p-channel drain characteristics. 


DRAIN-TO-SOURCE VOLTS (Vps) 




92CS-I7853 

Fig. 6 — Minimum n -channel drain characteristics. Fig. .7 — Minimum p-channel drain characteristics. 



Fig. 8 — Typical propagation delay time vs. 
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CD4006A Types 


CMOS 18 -Stage 
Static Shift Register 

The RCA-CD4006A types are comprised of 
4 separate shift register sections: two sec- 
tions of four stages and two sections of five 
stages with an output tap at the fourth 
stage. Each section has an independent 
single-rail data path. 

A common clock signal is used for all stages. 
Data are shifted to the next stage on nega- 
tive-going transitions of the clock. Through 
appropriate connections of inputs and out- 
puts, multiple register sections of 4, 5, 8, 
and 9 stages or single register sections of 10, 
12, 13, 14, 16, 17 and 18 stages can be 
implemented using one CD4006A package. 
Longer shift register sections can be assem- 
bled by using more than one CD4006A. 


Features: 

■ Fully static operation 

■ Shifting rates up to 5 MHz 

■ Permanent register storage with clock line high or 

low no information recirculation required 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 jLtA 
at 15 V {full package-temperature range) 

■ 1-V noise margin (full package-temper- 
ature range) 

These types are supplied in 14-lead her- 
metic dual-in-line ceramic packages (D and 
F suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 



FUNCTIONAL DIAGRAM 


Applications: 


MAXIMUM Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (Tstg) -65 to +150 °C 

OPERATING-TEMPERATURE RANGE (T^): 

PACKAGE TYPES D. F, K, H -55to+125°C 

PACKAGE TYPE E -40 to +85° C 

DC SUPPLY-VOLTAGE RANGE, (Vdd) 

(Voltages referenced to Vss Terminal) —0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (Pq): 

FOR Ta= - 40 to +60°C (PACKAGE TYPE E) 500 mW 

FOR Ta= + 60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

FOR Ta = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR Ta = +100 to +125°C (PACKAGE TYPES D,F,K) . . . Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta= full package-temperature RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vdd +0-5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ±1/32 inch (1 .59 ±0.79 mm) from case for 10 s max +265 C 


B Serial shift registers 

■ Time delay circuits 

■ Frequency division 


RECOMMENDED OPERATING CONDITIONS at T^ = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

Vdd 

(V) 

LIMITS 

UNITS 

D, F, K, H 
PACKAGES 

E 

Package 





Supply-Voltage Range (For T/^ = Full 
Package-Temperature Range) 

■ 



B 

B 

V 

Data Setup Time, t 3 

5 

10 

80 

40 

■ 


B 


Clock Pulse Width, t^ 

5 

10 


— 

i^n 

B 


Clock Input Frequency, fQL 

5 

10 




0.6 

2 

MHz 

Clock Rise and Fall Time, t,.CL, tfCL* 

5 

10 

- 




15 

5 

MS 



TRUTH table for SHIFT REGISTER STAGE 


D 

CL^ 

D + l 

0 

\ 

0 

1 

\ 

1 

X 

I 

NC 


I = HIGH 
0= LOW 

NC=N0 change 
X = DON'T CARE 
* = LEVEL CHANGE 


Fig. 1 — Logic diagram and truth table 
(one register stage). 


If more than one unit is cascaded t^CL should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 
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CD4006A Types 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 

Conditions 

Limits at Indicated Temperatures (°C) | 

Units 

D, F, K, H Packages 

E Package 

Vo 

(V) 

V|N 

(V) 

VdD 

(V) 

-55 

+25 

+125 

-40 

+25 

+85 

Typ. 

Limit 

Typ. 

Limit 

Quiescent Device 
Current, !(_ Max. 

- 

- 

5 

0.5 

0.01 

0.5 

30 

5 

0.03 

5 

70 

pA 

- 

- 

10 


0.01 

1 

60 

10 

0.05 

10 

140 

- 

- 

15 

L 25 J 

0.5 

25 

1000 

250 

2.5 

250 

2500 

Output Voltage: 
Low-Level, 

VOL 

- 

5 

5 

0 Typ.; 0.05 Max. 

V 

- 

10 

10 

0 Typ.; 0.05 Max. 

High Level, 

vqh 

- 

0 

5 

4.95 Min.; 5 Typ. 

- 

0 

10 

9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low, 

Vnl 

4.2 

_ 

5 

1.5 Min.; 2.25 Typ. 

V 

9 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High, 

vnh 

0.8 

- 

5 

1.5 Min.; 2.25 Typ. 

1 

- 

10 

3 Min.; 4.5 Typ. 

Noise Margin: 
Inputs Low, 
^NML 

4.5 

- 

5 

1 Min. 

V 

9 

- 

10 

1 Min. 

Inputs High, 

vnmh 

0.5 

- 

5 

1 Min. 

1 

- 

10 

1 Min. 

Output Drive 
Current: 
n-Channel 
(Sink), 

IqN Min. 

0.5 


5 

0.155 

0.25 

0.125 

0.085 

0.072 

0.25 

0.06 

0.048 

mA 

0.5 

- 

10 

0.31 

0.5 

0.25 

0.175 

0.15 

0.5 

0.125 

0.1 

p-Channel 

(Source): 

I^RMin. 

4.5 

- 

5 

-0.125 

•0.15 

-0.1 

•0.07 

-0.06 

-0.15 

-0.05 

-0.04 

9.5 

- 

10 

-0.25 

-0.3 

-0.2 

•0.14 

-0.12 

•0.3 

-0.1 

-0.08 

Input Leakage 
Current, 

•iL . hH 

An\ 

{ Inpi 

jt 

1 

^ 1 

±10“® Typ., ±1 Max. 

1 

JUA 



* ALL INPUTS ARE PROTECTED 
BY COS/MOS PROTECTION 
NETWORK. 


NOTE: ALL "P“-UNIT SUBSTRATES 
ARE CONNECTED TO Vpo 
ALL "n" -UNIT SUBSTRATES 
ARE CONNECTED TO Vjs 



CL Voo 



Fig. 4 — Schematic diagram (one register stage). 



Fig. 2 — Typical propagation delay time vs. 
load capacitance. 



Fig. 3 - Typical transition time vs. load 


capacitance. 



Fig. 5 — Typical output n-channel drain 
characteristics. 



Fig. 6 — Minimum output n-channel drain 


characteristics. 
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CD4006A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T^*^ 25°C, Input t^ tf = 20 ns, 

Cl = 15pF,Rl = 200 k^2 




LIMITS 


CHARACTERISTIC 

TEST 

CONDITIONS 

D, F, K, H 
Packages 

£ 

Package 

UNITS 




Min. 

Typ. 

Max. 

Min. 




Propagation Delay Time; 


5 

- 

93 

400 


93 

m 

ns 

tPLH 'tPHL 


10 


^9 

^9 

B 

125 

m 

Transition Time; 


5 

91 

93 

KBI 

B 

250 

191 

ns 

^THL'^TLH 


10 

91 

191 

^9 

B 



Maximum Clock Input 
Frequency, f^L 


B 

B 

m 

B 

09 

B 


MHz 


B 

B 

B 

B 

B 

B 

19 

Minimum Clock Pulse 


B 


93 

500 


93 

93 


Width, 


10 

_ 

100 

200 

91 

IfWI 


Clock Rise & Fall Time; 


5 

- 

- 

15 


Bl 

B 

jUS 

tfCL, tfCL* 


10 

- 

- 

5 

- 

- 

5 

Minimum Data Set Up 


5 

- 

50 


B 

^9 

19 

ns 

Time, t 3 


10 

- 

25 

40 

91 

B 

93! 

Average Input 

Data Input 

_ 

5 

- 

- 

5 

- 

PF 

Capacitance, C| 

Clock Input 

- 

30 

- 

- 

30 


PF 


If more than one unit is cascaded t^CL should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 



Fig. 7 - Typical output p-channei drain 
characteristics. 


DRAIN-TO-SOURCE VOLTS (VosI 


AMBIENT TEMPERATURE (Ta)* 2S*C t* 

typical temperature coefficient t. 

FOR Id--0.3%/»C 



Fig. 8 — Minimum output p'channe! drain 
characteristics. 



Fig. 9 — Typical dissipation characteristics. 



Fig. 10 — Typical dock input frequency vs. 
supply voltage. 




Voo 

Vss 



NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH Vqd ANOVss- 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
VodORVss- 


Fig. 11 — Quiescent-device-current test circuit. 


Fig. 12 — Noise-immunity test circuit. 


92CS-27402 

Fig. 13 — Input-leakage-current test circuit. 


I 
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CD4007A Types 


These types are supplied in 14-lead her- 
metic dual-in-line ceramic packages (D and 
F suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 

Features: 

■ Medium-speed operation. . . . 
tPHL = tPLH = 20 ns (typ.) at Cl = 15 pF, 
+ Vdd = 10 V 

■ Low "high" and "low" output impedance. 
500 12 (typ.) at Vdq “ ^ss = 10 V 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of I juA 
at 15 V (full package-temperature range) 

■ 1-V noise margin (full package-temper- 
ature range) 

MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T^jg) -65 to +150°C 

OPERATING-TEMPERATURE RANGE (T^) 

PACKAGE TYPES D, F, K, H -55 to + 1 25 °C 

PACKAGE TYPE E . -40 to -h85°C 

DC SUPPLY-VOLTAGE RANGE, (Vqq) 

(Voltages referenced to Vgg Terminal) —0.5 to +1 5 V 

POWER DISSIPATION PER PACKAGE (Pq) 

FOR T^= -40 to +60°C (PACKAGE TYPE E) 500 mW 

FOR T^= +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 1 2 mW/°C to 200 mW 

FOR T^= -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR T^= +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T^ = FULL PACKAGE TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT voltage range, ALL INPUTS -0.5 to V^p +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING) 

At distance 1/16 ± 1/32 inch (1 59 ± 0 79 mm) from case for 10 s max +265°C 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

D, F, K, H 

Packages 

E 

Package 

Min. 

Max. 

Min. 

Max. 

Supply-Voltage Range (For Ta " Full 
Package Temperature Range) 

3 

1? 

3 

12 

V 


CMOS 

Dual Complementary 
Pair Plus Inverter 

The RCA-CD4007A types are comprised of 
three n-channel and three p-channel enhance- 
ment-type MOS transistors. The transistor 
elements are accessible through the package 
terminals to provide a convenient means for 
constructing the various typical circuits as 
shown in Fig. 2. 

More complex functions are possible using 
multiple packages. Numbers shown in paren- 
theses indicate terminals that are connected 
together to form the various configurations 
listed. 


DYNAMIC ELECTRICAL CHARACTERISTICS at T^ = 250C, Input t^, tf = 20 ns. Cl = 15 pF, 

Rl = 200 kil 





LIMITS 


CHARACTERISTIC 

TEST CONDITIONS 

D, F, K, H 


E 


UNITS 



vdd 

Packages 

Package 




(V) 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 


Propagation Delay 
Time; 

tPLH, tPHL 


5 


35 

60 


35 

75 

ns 


10 


20 

40 


20 

50 

Transition Time; 


5 


50 

75 


50 

100 

ns 

tTHL- tTLH 


10 


30 

40 


30 

50 

Average Input 
Capacitance, C| 

Any Input 


5 



5 


pF 




*ALL INPUTS ARE j - 
PROTECTED BY SS 

COS/ MOS PROTECTION 
NETWORK 


Applications: 

■ Extremely high-input impedance amplifiers 

■ Shapers 

■ Inverters 

■ Threshold detector 

■ Linear amplifiers 



Fig. 1 — Minimum and maximum voltage-transfer 
characteristics for inverter. 



Fig. 2 — Typical current and voltage-transfer 
characteristics for inverter. 
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CD4007A Types 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 

Conditions 

Limits at Indicated Temperatures (°C) | 

Units 

D, F, K, H Packages 

E Package 

Vo 

(V) 

V|N 

(V) 

VdD 

(V) 

-55 

+25 

+125 

-40 

+25 

+85 

Typ. 

Limit 

Typ. 

Limit 

Quiescent Device 
Current: 

IL Max. 

- 

- 

5 

0.05 

0.001 

0.05 

3~^ 

0.5 

0.005 

0.5 

15 

pA 

- 

- 

10 

0.1 

0.001 

0.1 

6 

1 

0.005 

1 

30 

- 

- 

15 

2 

0.02 

2 

40 

50 

0.5 

50 

500 

Output Voltage 
Low Level 

Vql 

_ 

5 

5 

0 Typ.; 0.05 Max. 

V 

- 

10 

10 

0 Typ.; 0.05 Max. 

High Level 

Vqh 

_ 

0 

5 

4.95 Min.; 5 Typ. 

- 

0 

10 

9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low 

vnl 

3.6 

_ 

5 

1 .5 Min.; 2.25 Typ. 

V 

7.2 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High 

vnh 

1.4 

- 

5 

1 .5 Min.; 2.25 Typ. 

2.8 

- 

10 

3 Min.; 4.5 Typ. 

Noise Margin: 
Inputs Low 

vnml 

4.5 

_ 

5 

1 Min. 

V 

9 

- 

10 

1 Min. 

Inputs High 

Vnmh 

0.5 

- 

5 

1 Min. 

1 

- 

10 

1 Min. 

Output Drive 
Current: 

N-Channel 

(Sink) 

IqN Min. 

0.4* 

V|= 

VdD 

5 

0.75 

1 

0.6 

0.4 

0.35 

1 

0.3 

0.24 

mA 

0.5 

10 

1.6 

2.5 

1.3 

0.95 

1.2 

2.5 

1 

0.8 

P-Channel 

(Source): 

IqP Min. 

2.5^ 

V|= 

VdD 

5 

-1.75 

-4 

-1.4 

-1 

-1.3 

-4 

-1.1 

-0.9 

9.5 

10 

-1.35 

-2.5 

-1.1 

-0.75 

-0.65 

-2.5 

-0.55 

-0.45 

Input Leakage 
Current: 

l|L, l|H 

Ar 

iy Inp 

ut 

15 

±10 ^ Typ., ±1 Max. 

pA 


Maximum noise-free low-level bipolar output voltage. 

DRAIN - TO - SOURCE VOLTS (VqjI 



Fig. 5 — Minimum output p-channel drain 
characteristics. 



Fig. 8 — Typical output n-channel drain 
characteristics. 


^Minimum noise-free high-level bipolar output voltage. 

DRAIN - TO - SOURCE VOLTS tVog* 

-15 -I2-5 -10 -7.5 "5 *2.5 0 


"M P-- 

-t-Hf 

--H+- 

-: 

+ 


::: 


-5 

-10 S 

-IS 5 

-i 

- 25 - 

@ t :i: 

TERM. flA TO CNO. ; ; I 
C0WN.|^7T0 3 

1 



1 

g 

-5 



1 

ITE-TO- 

•SOURCE 

VOI 

.TS 

ivosi 

■ - 1! 

j 

AMBIENT TEMPERATURE IT^) • 2S*C 

TYPICAL TEMPERATURE COEFFICIENT FOR Iq • - 0.3% 7*0 ; 


92CSl77ea 


Fig. 6 — Typical output p-channel drain 
characteristics. 



Fig. 9 - Typical voltage-transfer characteristics as a 
function of temperature. 



0 25 5 75 10 12 5 15 

INPUT VOLTS (Vi) 

92CS-it;86 


Fig. 3 — Typical voltage-transfer characteristics 
for NAND gate. 



INPUT VOLTS < Vj ) 

92CS- 1^867 

Fig. 4 — Typical voltage-transfer characteristics 
for NOR gate. 



Fig. 7 — Minimum output n -channel drain 
characteristics. 



Fig. 10 — Typical propagation-delay time vs. load 
capacitance. 
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CD4007A Types 


AMBIENT TEMPERATURE (T4)-23»C 
TYPICAL TEMPERATURE COEFFICIENT FOR ; 
ISO all values of Voo*0.3%/*C 


AAMIENT TEMPeRATUJ«E<TAl*25*cH 
LOAD CAPACITANCE IS pF H 






CAPACITANCE (ClI'ISpF 1 

Cu-50pF ] 


10 20 30 40 50 60 70 80 

CAPACITANCE (C^) — pF 


Fig. 11— Typical transition time vs. 
load capacitance. 


(14,2,1 1); (8,13); 
(1,5); (7,4,9) 


a) Triple Inverters 


(13,12,5); (4,9,8); 
(14,2); (1,11) 



Fig. 12 — Maximum propagation-delay time 
vs. supply voltage. 


S^~Vo,. (13,2); (1,11): 

(12,5,8); (7,4,9) 


b) 3*lnput NOR Gate 


(6,3,10); (8.5,12); 
(11,14); (7,4,9) 

(OPTIONAL Voo PULL-UP) 


OUT (Voo>*C«AB 
0UT(Vss).CAtC8 


•UNIT SUBSTRATES ,1 1 — 

CONNECTED TO Vqo 
- UNIT SUBSTRATES i 

CONNECTED TO Vss Vjs 

d) Tree (Relay) Logic 



e) High Sink-Current Driver 


t 1[ 


10^ 10^ 10^ iqS 

INPUT FREQUENCY (1.) -H 


Fig. 13 — Typical dissipation characteristics. 

(1,12,13); (2,14,11); 

„5zq J ,4 g)j ,5 9, 

92C5-15340 

c) 3-Input NAND Gate 


(6,3,10); (13,1,12); 
(14,2,11); (7,9) 



(OPTIONAL VssPULL-DOWN) 

92CS-I5327 


f) High Source-Current Driver 

0OUT, 

(IN.) 

h 


(6,3,10); (14,2,11); 
(7,4,9); (13,8,1,5,12) 


(1,5,12); (2,9); 

(11,4); (8,13,10); 

(6,3) 

h) Dual Bi-Directional Transmission Gating 


. n> uuai bi-uirectionai ii 

g) High Sink- and Source-Current Driver 

Fig. 14 — Sample COS/MOS logic circuit arrangements using type CD4007A 



NOTE 

TEST ANY COMBINATION 
OF INPUTS 


><I>- 


Fig. 15 — Noise-immunity test circuit. 


•2CS- 27401 

Fig. 16— Quiescent-device-current test circuit 


inputs 



1 

Vss 


MEASURE INPUTS 

sequentially, 

TO BOTH Voo ANOVss 
CONNECT AU UNUSED 
INPUTS TO either 
VdoORV*. 


Fig. 17 — Input-leakage-current test circuit 
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CD4008A Types 


CMOS 4-Bit Full Adder 

With Parallel Carry Out 

The RCA-CD4008A types consist of four 
full-adder stages with fast look-ahead carry 
provision from stage to stage. Circuitry is in- 
cluded to provide a fast "parallel-carry-out" 
bit to permit high-speed operation in arith- 
metic sections using several CD4008A's. 
CD4008A inputs include the four sets of bits 
to be added, Ai to A4 and Bi to 64, in ad- 
dition to the "Carry In" bit from a previous 
section. CD4008A outputs include the four 
sum bits, Si and S4, in addition to the high- 
speed "parallel-carry-out" which may be 
utilized at a succeeding CD4008A section. 

These types are supplied in 16-lead her- 
metic dual-in-line ceramic packages (D and 
F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 

STATIC ELECTRICAL CHARACTERISTICS 


Conditions 


Characteristic 


Quiescent Device 
Current,! L Max. 


Vo V|N Vdd 
(V) (V) (V) 


Features: 

■ 4 sum outputs plus parallel look-ahead carry-output 

Applications " Quiescent current specified to 15 V 

■ Maximum input leakage of 1 /iA at 15 V 

■ Binary addition/arithmetic units (full package-tamperature rangel 

■ 1-V. noise margin (full package-temperature 
range) 

MAXIMUM RfKJmGS. Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (Tstg) -65 to +150°C 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D. F, K. H -55 to -H25°C 

PACKAGE TYPE E -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (Voq) 

(Voltages referenced to Vgs Terminal): —0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (Pq): 

FOR Ta = -40 to +60°C (PACKAGE TYPE E) 500 mW 

FOR Ta = +60 to +85°C (PACKAGE TYPE E ) Derate Linearly at 12 mW/°C to 200 mW 

FOR Ta = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR T^ = +100 to +125° (PACKAGE TYPES D,F,K) . .Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = full package-temperature range (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to Vqd +0-5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from case for 10 s max +265°C 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating 
conditions should be selected so that opera- 
tion is always within the following ranges. 



Output Voltage: 
Low-Level, 

vql 

High Level, — 

VQH 

Noise Immunity: 4 2 
Inputs Low, — ^ — 

Vnl 9 



Output Drive 
Current: 
n-Channel 
(Sink), 

IqN Min. 

p-Channel 
(Source), 
IqP Min. 


0 Typ.; 0.05 Max. 
0 Typ.; 0.05 Max. 


1.5 Min., 2.25 Typ. 
3 Min.; 4.5 Typ. 


1.5 Min.; 2.25 Typ. 


3 Min.; 4.5 Typ 


1 Min. 


Characteristic 

Min. 

Max. 

Units 

Supply-Voltage Range 
(Ta= Full Package- 
Temp. Range) 

3 

12 

V 





0.75 0.53 


0.007 0.009 


0.25 0.175 0.24 


0.13 

0.5 


0.007 0.005 



,,6 ^ALL INPUTS ARE 

PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 

Fig. 1 — CD4008A logic diagram. 

TRUTH TABLE 


Input Leakage 
Current, 
l|Lr l|H Max 
* Carry Output ^Sum Output 
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CD4008A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C; Input tr, tf = 20 ns. Cl = 15 pF, 

Rl = 200 


CHARACTERISTIC 

Vdd 

(V) 

LIMITS 

UNITS 

D, F,K, H 
Packages 

E 

Package 

Typ. 

Max. 


Max. 

Propagation Delay Time: tp^L^ tpLH 
Sum In to Sum Out 

5 

10 

900 

325 

1300 

500 


2000 

650 

ns 

Carry In to Sum Out 

5 

10 

900 

325 

1300 

500 

900 

325 

2000 

650 

ns 

Sum In to Carry Out 

5 

10 

320 

120 

600 

200 

320 

120 

800 

240 

ns 

Carry In to Carry Out 

u 


175 

75 



B 

Transition Time: tjHL» ^TLH 

At Sum Outputs 

5 

10 

1250 

550 

2200 

900 

1250 

550 

2900 

1100 

ns 

At Carry Output 

5 

10 

125 

45 

225 

75 

125 

45 

290 

90 

ns 

Input Capacitance, C| 

(Any Input) 


10 

- 

10 

■ 

pF 



Fig. 4 — Typical carry-in to carry-out propagation 
delay time vs. Cf_. 



Fig. 5 — Typical maximum propagation delay time 
vs. Vqq for carry- in to carry-out. 


VqO 



Fig. 7 — Quiescent device current test circuit. 



OUTPUTS 



NOTE. 

TEST ANY ONE INPUT. 
WITH OTHER INPUTS AT 
5.J7400 VooORVss 


Fig. 8 — Noise immunity test circuit. 


''do 



NOTE 

MEASURE INPUTS 
sequentially, 

TO BOTH VoD ANOVss 
CONNECT ALL UNUSED 
INPUTS TO either 
YoO 0" Ys5 


YSS 



Fig. 2 — Typical sum-in to carry out propagation 
delay time vs. C^. 





Fig. 3 — Typical sum-in or carry-in to sum-out 
propagation delay time vs. 



Fig. 6 — Typical dissipation characteristics. 



Vss 


92CS-I7 76IHI 


Fig. 9 — Input leakage current test circuit. 


Fig. 10— Typical connection fora 16-bit adder. 















































CD4009A, CD4010A Types 


02 



Vdo 


A O O > 

B O O ” 


► GATES 

NC 

♦Vss vccO-!- 

ALL INPUTS ARE PROTECTED BY VjsO-^ 

COS/MOS PROTECTION NETWORK. ^ ,6 

vooO — 

92CS-228a7RI 


'1 

CD4009A 


NC O-^ 

Vcco^ 
'^ssO-^ 
vddO — ^ 


c Ch — — ^i. c 
0 ^ J • 0 

F *■ ’ ^ 

92SS-4I42K 


CD4010A 


CMOS 

Hex Buffers/Converters 

Inverting Type: CD4009A 
Non- Inverting Type: CD4010A 

The RCA-CD4009A and CD4010A Hex 
Buffer/Converters may be used as COS/MOS 
to TTL or DTL logic-level converters or 
CMOS high sink-current drivers. 

The CD4049A and CD4050A are preferred 
hex buffer replacements for the CD4009A 
and GD4010A, respectively. In all applica- 
tions except multiplexers. For applications 
not requiring high sink current or voltage 
conversion, the CD4069B Hex Inverter is 
recommended. 

Thesetypes are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


Features: 

■ Quiescent current specified to 15 V 

■ Maximum input leakage of 1 juA at 15 V 
(full package-temperature range) 

■ High sink current for driving 2 TTL loads 

■ High-to-low level logic conversion 

Applications: 

■ CMOS to DTL/TTL hex converter 

■ CMOS current “sink” or “source” driver 

■ CMOS high-to-low logic-level converter 

■ Multiplexer — 1 to 6 or 6 to 1 


Fig. 1 — Logic diagrams. 


AMBIENT 

TEMPERATURE ITa !■ 25*C ttl; 

MAX. 

■■■■■■ 

aaaai 

aaaai 

aaaai 

aaaai 

aaaai 

i 


MIN. 

''1 rs. 

cH>>-o 



aaaa 

aaaa 

aaaa 

aBBB 

s: SsssSss 

aa aaiaaaa 
gMaaiaaBB 

CONDITION: 

■■ita u 

■»iia IB 

SalSrSi' 



aa BBBBaaa 
BB aaaaaaa 

aa Bgaagag 

■■■■■■■■■■■■■■a 

■■■■■■■■■■■■■■■ 


aaai' 

aaaa 

aaaa 

Saak 

aaaa 

Si aaiaaii 
k^jMaaaaaa 

■■■■■■■■■■■■■■a 

aaaaaaaaalaana 

SSuS 

aaMMU Mtf 

Si: 

.i:ii 

laaaw 

aaTKIaaaaa 

BBatBBBBaa 

aBBkaaaaaB 

aaBavaaaaa 

aaBBBBaaBBBaaaB 

BBaaaBaBBiBiBBB 

aaBBaaBaaiBiaiB: 

BaaaBaaBaBaaiii' 

Islll 

il 

aaaa 

• aBBB 

^^aaa 

iB.iaa 

aaBBiiaaaaa 

Baaai-aBBaa 

aaaat aaaaa 

Bvaaaakaaaa 

aaaaaaaaaiSaiifi 

iiiiiiiiiiiiii: 

BBBaaaBaaaBBBai 

■aaaaaliBaaaiail 


0 2 4 6 8 10 12 14 

INPUT VOLTS (V|) 


RECOMMENDED OPERATING CONDITIONS at T^ = 25°C. Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

Min. 

Max. 

Supply-Voltage Range (ForT/^= Full Package- 
Temperature Range : Vpp , Vqq ) 

3 

12 

V 

Input Voltage Range (V() 

vcc* 


V 


* The CD4009 and CD4010 have high-to-low level voltage conversion capability but not low-to-high level, 
therefore it is recommended that Vqq ^ V| ^ V^c • 


92CS-200S7 

Fig. 2 — Minimum & maximum voltage transfer 
characteristics - CD 4009 A. 



Fig. 3— Typical voltage transfer characteristics 
as function of temp. — CD4009A. 


S 

o ^ 

V 
8 , 

ambient TEbPEHATUIIEITa) ■ »*c 
COLLECTOR JUPPLT VOLTJ (TccI • • J 
DRAIN SUPPLT VOLTS (Vool •• 10 

— 

1 

1 

1 
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i 

IS 

giill 

IggQjjS 


B 

HI 

IH 

ilBa 

HHH 

HH 


fl 

■ 

IH 

llBI 

HHH 

HH 

lili 

iiii 

Hf 

IH 

iitHi 

HHH 

HH 


B 

■ 

IB 

Him 

HHH 

HH 

H 

B 

HI 

IH 

Hi Hi 

HHH 

HH 

ffi! 

ii 

HI 

IH 

Hi Hi 

HHH 

HH 

1 

!!!l! 

m\ 

IP 

iWWfPP 

HHH 

HH 


wpuT voLTi (»|! 92SS-4195R1 




Fig. 4 — Minimum & maximum voltage transfer 
characteristics (Vqq = 5) — CD4010A. 


Fig. 5 — Minimum & maximum voltage transfer 
characteristics (V qq = 10) — CD4010A. 


Fig. 6 — Minimum & maximum voltage transfer 
characteristics (V QQ = 15) — CD4010A. 
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CD4009A, CD4010A Types 


STATIC ELECTRICAL CHARACTERISTICS 



Vcc = VpD 


DRAIN -TO-SOURCE VOLTS WpS • 

Fig. 9 — Typical n-channel drain characteristics. 



ORAIN-TO-SOURCE VOLTS IVqs) 

92CS-I7fi7 

Fig. 10 — Minimum n-channel drain 
characteristics. 



LOAD CAPACITANCE (Cl) — pF 92cs-l7870 

Fig. 11 — Typical high-to-low level propagation 
delay time vs. C^, 


;• :: 

;L „ 

.. :* .i» 



Fig. 12— Typical low- to-high level propagation 
delay time vs. Ci_, 
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CD4009A, CD4010A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25 C; Input V , tf * 20 ns. Cl = 15 pF, 

RL = 200 

CONDITION LIMIT 

CHARACTERISTIC 1— : r— : ' 


D, F, K, H Packages 

■n 


■HHHIHI 


5 

5 

If) 

50 

80 


Propagation Delay Time 
Low-to-High, tpLH 



£ Package 


Propagation Delay Time: 
Low-to~high, tpLH 


High-to-Low, tpuL 


Transition Time; 
Low-to-High, tpLH 


High-to-Low, tj(-(L 


Input Capacitance, C| 
CD4009A 


CD4010A 


AMBIENT TEMPERATURE (T^l-ES'C 
TYPICAL TEMPERATURE COEEHCIENT f 
ALL VALUES OF Vnn*0.3%/*C 


IBBSSHBB I 

ipli 

■■ 




LOAD CAPACITANCE 10^1“ pF 


Fig. 15— Typical high-to-low level transition tim§ 
vs. Cij 





m 

Hi 

MMjj 

ill 

11 


IO*e[- ambient TEMPERATURE (Tfll- 25*C | 
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CD4011A, CD4012A, CD4023A Types 


CMOS NAND Gates 

Quad 2 Input — CD401 1 A 
Dual 4 Input — CD4012A 
Triple 3 Input — CD4023A 

The RCA-CD4011A, CD4012A, and CD- 
4023A NAND gates provide the system 
designer with direct implementation of the 
NAND function and supplement the existing 
family of CMOS gates. 

These types are supplied in 14-lead her- 
metic dual-in-line ceramic packages (D and 
F suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


Features: 

■ Quiescent current specified to 15 V 

■ Maximum input leakage of 1 juA at 15 V 
(full package-temperature range) 

■ 1-V noise margin (full package-temperature 
range) 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating 
conditions should be selected so that opera- 
tion is always within the following ranges: 


Characteristic 

Min. 

Max. 

Units 

Supply Voltage Range 
(over full package 
temperature range) 

3 

12 

V 


MAXIMUM Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (Tstg) -65 to +150°C 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H -55 to +125°C 

PACKAGE TYPE E -40 to +85 °C 

DC SUPPLY-VOLTAGE RANGE. (Vdd> 

(Voltages referenced to Vss Terminal): -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (Pp): 

FOR Ta = -40 to +60°C (PACKAGE TYPE E ) 500 mW 

FOR Ta = +60 to +85°C (PACKAGE TYPE E ) Derate Linearly at 12 mW/°C to 200 mW 

FOR TA=-55to+100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR Ta= +100 to +125°C (PACKAGE TYPES D, F, K) . . .Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE. ALL INPUTS . -0.5 to Vqd +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 iO.79 mm) from case for 10 s max +265 °C 



Fig. 2 — Minimum & maximum vo/tage transfer 
characteristics. 



INPUT VOLTAGC (Vt)— V 

92CS- 17780 


Fig. 3 — Typical woitage transfer characteristics 
as a function of temperature. 



92CS-24763 


CD4011A 



92CS-24759 


CD4012A 



92CS- 24 76I 


CD4023AH 

Fig. 1 — Functional diagrams. 



ALL INPUTS ARE PROTECTED BY 
COS/MOS PROTECTION NETWORK. 


92CS-22887RI 



Fig. 4 - Typical multiple input switching transfer pig^ 5 _ Typical current & voltage transfer 

characteristics for CD4012A. characteristics. 



0 5 10 15 


DRAIN -TO -SOURCE VOLTS IVqs) 

92CS-I7850 

Fig. 6 — Typical n-channel drain characteristics. 
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CD4011A, CD4012A, CD4023A Types 


STATIC ELECTRICAL CHARACTERISTICS 
Conditions 


DRAIN- TO- SOLUCE VOLTAGE (Vosl — 


Characteristic 


Output Voltage: 
Low-Level 
VQL 

High Level, 

VQH 

Noise Immunity 
Inputs Low, 

VNL 

Inputs High, 

VNH 

Noise Margin: 
Inputs Low, 


Inputs High, 

vnmh 


Output Drive 
Current: 
N-Channel 
(Sink) 

IqN Min. 

CD4011A 

CD4023A 


^ Limits at Indicated Temperatures (°C) 

Conditions 

D,F,K,H Packages £ Package 

VQ |V|n|VDD _55| L i25 -40 I 1+85 

(V) (V) (V) Typ. Limit Typ. Limit 

- - 5 0.05 0.001 0.05 3 0.5 0.005 0.5 15 



AAMENT TEMPERATURE (T;^)•^5•C 

TYPICAL TEMP COEFFICeNTATALL VALUES OF Vos--0.3%/*C 


Fig. 7— Typical p-channei drain characteristics. 





Fig. 8 — Minimum n-channel drain characteristics 
-CD4011A & CD4023A. 
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DRAIN -TO-SOURCE VOLTS (Vj,,) ,2cs I7B5IRI 

— Minimum n-channel drain character 
istics. 


DRAIN - TO-SOURCE VOLTAGE (Vos)' 


AMBIENT TEMPERATURE (T^)*: 
TYPICAL TEMPERATURE COEFFIC 
FOR ALL VALUES OF Vpo^OSH 






Fig. 10 — Minimum p-channel drain 
characteristics. 


Fig. 11 — Typical low-tO’high level propagation 
delay time vs. Cf_. 


AMBIENT TEMPERATURE (T*) • 25*C ; 

TYPICAL TEMPERATURE COEFFICIENT - 
FOR ALL VALUES OF Vnn -O.Slfc/'C - 


■■■■■■■•■■■■■■■a 


LOAD CAPACITANCE (Ci )- 


Fig. 12— Typical high-to-low level propagation 
delay time vs. Cj_ — CD401 1A, & 
CD4Q23A. 
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CHARACTERISTICS 


Propagation Delay Time; 
Low-tO'High Level, tpn-j 


High-tO'Low Level, tpH|_ 
CD4011Aand CD4023A 


Transition Time: 
Low-to-High Level, tjL^ 


Hlgh-to-Low Level, tj^L 
CD4011Aand CD4023A 


CD4012A 


Input Capacitance, C| 


TEST 

CONDITIONS 


LIMITS 


D, F, k, H 
Packages 

E 

Package 

UNITS 

Typ. 

Max. 

Typ. 

Max. 


50 

75 

50 

100 

ns 

25 

40 

25 

50 

50 

75 

50 

100 

ns 
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40 

25 

50 




100 150 100 
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Any Input 
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CD4013A Types 


Dual 'D’-Type Flip-Flop 


The RCA-CD401 3A consists of two identical, 
independent data-type flip-flops. Each flip- 
flop has independent data, set, reset, and 
clock inputs, and Q and Q outputs. These 
devices can be used for shi^ register appli- 
cations, and by connecting Q output to the 
data input,<for counter and toggle applica- 
tions. The logic level present at the D input 
is transferred to the Q output during the 
positive-going transition of the clock pulse. 


Setting or resetting is independent of the 
clock and is accomplished by a high level 
on the set (with low-level on reset) or reset 
(with low-level on set) line, respectively. 
These types are supplied in 14-lead her- 
metic dual-in-line ceramic packages (D and 
F suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 



MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE-TEMPERATURE RANGE IT„„) 


-65 to -H50°C 


OPERATING-TEMPERATURE RANGE (T^): 

PACKAGE TYPES D, F, K, H -55 to -H25°C 

PACKAGE type; E -40 to -t-85°C 

DC SUPPLY-VOLTAGE RANGE, (Vqq) 

(Voltages referenced to Vgg Terminal) —0.5 to -1-15 V 

POWER DISSIPATION PER PACKAGE (P^): 

FOR Ta= - 40 to -t-60°C (PACKAGE TYPE E ) 500 mW 


FOR T^= +60 to +85°C (PACKAGE TYPE E ) Derate Linearly at 12 mW/°C to 200 mW 

for T;^= -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR T;^= +100 to+125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T^ = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqq +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 


CD4013A 

FUNCTIONAL DIAGRAM 


Features: 

■ Set-Reset capability 

■ Static flip-flop operation — retains state indefinitely 
with clock level either "high" or "low" 

■ Medium-speed operation — 10 MHz (typ.) clock 

toggle rate at 10 V H 

■ Quiescent current specified to 15 V H 

B Maximum input leakage of 1 juA at 15 V 

(full package-temperature range) 

B 1-V noise margin (full package-temperature 
range) 


Applications: 

B Registers, counters, control circuits 


SET CL MASTER SECTION SLAVE SECTION 



LOGIC 0 • LOW 
logic I • HIGH 

^ • LEVEL CHANGE 
X* DON'T CARE 
N(N).FFl/FF2 TERMINAL 
ASSIGNMENTS 




*ALL INPUTS ARE ^ 

PROTECTED BY 1 

COS/MOS PROTECTION * ''SS 
NETWORK 


Fig. 1 — Logic diagram and truth table for CD4013A (one of two identical flip flops). 


til !i H'i !! ii 


^ ' r I (GATE - TO- SOURCE VOLTS (VgsI * 15 ( 




DRAIN -TO -SOURCE VOLTS (Vos) 


Fig.2 — Typical n-channel drain characteristics. 



.t: - TO - SOURCE VOLTS IVqj) • - 15 


! i: ::i:.utr 




PICAL TEMPERATURE COEFFICIENT FOR Id* -0.3 */, 


Fig.3 — Typical p-channel drain characteristics. 
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CD4013A Types 


RECOMMENDED OPERATING CONDITIONS at T^ = 250C, Except as Noted: 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges — 


CHARACTERISTIC 

Vdd 

(VI 

LIMITS 

UNITS 

D,F,K,H 

Packages 

E 

Package 

Min. 

Max. 

Min. 

Max. 

Supply-Voltage Range 







(For Ta = Full Package 

- 

3 

12 

3 

12 

V 

Temperature Range) 








5 

40 

_ 

50 



Data Setup Time t 5 

10 

20 

- 

25 

- 

ns 


5 

200 

_ 

500 

_ 


Clock Pulse Width ty/^ 

10 

80 

- 

100 

- 

ns 

Clock Input 

5 


2.5 


1 

MHz 

Frequency fCL 

10 

dc 

7 

dc 

5 


Clock Rise or Fall 

5 

- 

15 

- 

15 


Time t^CL*, tfCL 

10 

- 

5 

- 

5 

MS 

Set or Reset Pulse 

5 

250 

_ 

500 

_ 


Width 

10 

100 

- 

125 

- 



* If more than one unit is cascaded in a parallel clocked operation, t^CL should 
be made less than or equal to the sum of the fixed propagation delay time at 
15 pF and the transition time of the output driving stage for the estimated 
capacitive load. 


DYNAMIC ELECTRICAL CHARACTERISTICS at T^ = 250C, Input t^ tf * 20 ns. 

Cl = 15 pF, Rl = 200 kn 






LIMITS 




CHARACTERISTIC 



E 

Package 


UNITS 



UJQI 





IIQ2IIIQIII 


Propagation Delay Time: 


■ 



B 


350 


Clock to Q or Q Outputs 

^PHL' tPLH 


■ 

B 


■ 


125 

ns 

Set to Q or Reset to Q 


B 



B 




tPLH 


B 



■1 




Set to Q or Reset to Q 

5 

_ 

175 

300 

_ 


Hi 

m 

^PHL 

10 

- 

75 

110 

- 


B 

Transition Time, 

5 

_ 

75 

125 


75 

150 


^THL'^TLH 

10 

- 

50 

70 


50 

75 


Maximum Clock Input 

5 

2.5 

4 

- 


4 

B 


Frequency, fCL 

10 

7 

10 

- 


10 


Minimum Clock 

5 

- 

125 

200 

B 

125 

500 

ns 

Pulse Width, ty^/ 

10 

- 

50 

80 

■ 

50 

100 

Minimum Set or Reset 

5 

_ 

125 

250 

— 


500 

ns 

Pulse Width, tyy 

10 

- 

50 

100 

- 


125 

Minimum Data Setup 

5 

— 

20 

40 

_ 

20 


ns 

Time, t 3 

10 

- 

10 

20 

- 

10 


Clock Rise or Fall Time 

5 

- 

- 

15 

B 

B 



VCL' ^fCL 

10 

- 

- 

5 

■ 

■ 


Average Input 

Capacitance, C| 

Any 

Input 

- 

5 

- 


5 

- 

pF 



Fig. 4 - Minimum n-channel drain characteristics. 
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Fig 5 — Minimum p-channe! drain characteristics. 



Fig.6 — Typical propagation delay time vs. Ci_. 



Fig. 7 — Typical transition time vs. C^. 
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CD4013A Types 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 

Conditions 

Limits at Indicated Temperatures (°C) | 

Units 

D, F, K, H Packages 

E Package 

Vo 

(V) 

V|N 

(V) 

Vdd 

(V) 

-55 

+25 

+125 

-40 

+25 

+85 

Typ. 

Limit 

Typ. 

Limit 

Quiescent Device 

Current, 

ll_ Max. 

- 

- 

5 

1 

0.005 

1 

60 

10 

0.01 

10 

140 


- 

- 

10 

2 

0.005 

2 

120 

20 

0.02 

20 

280 

- 

- 

15 

25 

0.5 

25 

1000 

250 

2.5 

250 

2500 

Output Voltage: 
Low-Level, 

VQL 

_ 

0.5 

5 

0 Typ.; 0.05 Max. 

V 

- 

0.10 

10 

0 Typ.; 0.05 Max. 

High-Level 

VOH 

- 

0.5 

5 

5 Typ.; 4.95 Min. 

- 

0.10 

10 

10 Typ.; 9.95 Min. 

Noise Immunity: 
Inputs Low, 

vnl 

4.2 

_ 

5 

2.25 Typ.; 1.5 Min. 

V 

9 

- 

10 

4.5 Typ.; 3 Min. 

Inputs High 

vnh 

0.8 

_ 

5 

2.25 Typ.; 1.5 Min. 

1 

- 

10 

4.5 Typ.; 3 Min. 

Noise Margin: 
Inputs Low, 

vnml 

4.5 

_ 

5 

1 Min. 

V 

9 

- 

10 

1 Min. 

Inputs High, 

vnmh 

0.5 

- 

5 

1 Min. 

1 

- 

10 

1 Min. 

Output Drive 
Current: 
N-Channel 
(Sink) 

IqN Min. 

0.5 


5 

0.65 

1 

0.5 

0.35 

0.35 

1 

0.3 

0.24 

mA 

0.5 

~ 

10 

1.25 

2.5 

1 

0.75 

0.72 

2.5 

0.6 

0.5 

P-Channel 

(Source) 

IqP Min. 

4.5 

_ 

5 

-0.31 

-0.5 

-0.25 

-0.175 

-0.17 

-0.5 

-0.14 

-0.12 

9.5 

1 

10 

-0.8 

-1.3 

-0.65 

-0.45 

-0.4 

-1.3 

-0.33 

-0.27 

Input Leakage 
Current, 

•iL' 'IH 

Any 

Input 

15 

±10-5 Typ.; ±1 Max. 

[lA 


IS 

A 

L 

MB 

OA 

EN 

T 

AP 

rEM 

iicn 

PE 

AN 

RA 

CE 

ru 

(C 

E 

l) 

Tt 

• 1 

9 

rz? 

F 

1 

If 

ft 

rr 


t'l 

a 















If 

-Lft 

fi 


|l:lft 
















if 

it 



10 

i 

i s 

8 

d 




















0 S 10 IS 20 


SUPPLY VOLTS (Voq) 


Fig.8 — Typical maximum clock input 
frequency i/s. Vqq. 



Fig.9 — Typical dissipation characteristics. 



NOTE ; 

TEST ANY ONE INPUT. 
WITH OTHER INPUTS AT 

-27400 VooORVss- 


Fig. 10 — Noise immunity test circuit. 


Vdd 

MD* 



NOTE 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH VoD ANOVss' 
CONNECT ALL UNUSED 
INPUTS TO EITHER 


Vpo 0** Vss' 


Vss 


Vqo 



Fig. 12 — Quiescent device-current test circuit. 


92CS-27402 


Fig. 11 — Input leakage test circuit. 



Fig. 13— Dynamic power dissipation test 
circuit. 


497 








CD4014A Types 


CMOS 8-Stage 
Static Shift Register 

Synchronous Parallel or 
Serial Input/Serial Output 

RECOMMENDED OPERATING CONDITIONS at Ta = 25"C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

Vdd 

(V) 

LIMITS 

UNITS 

D, F, K, H 
Packages 

£ 

Package 

Min. 

Max. 

Min. 

Max. 

Supply-Voltage Range (For 1 Full 
Package-Temperature Range) 


3 

12 

3 

12 

V 

Data Setup Time, t 5 

5 

10 

350 

80 

- 

500 

100 

- 

ns 

Clock Pulse Width, % 

5 

10 

500 

175 

- 

830 

200 

_ 

ns 

Clock Input Frequency, fQL 

5 

10 

dc 

dc 

1 

3 

dc 

dc 

0.6 

2.5 

MHz 

Clock Rise and Fall Time, t^CL, tfCL* 

5 

10 

- 

15 

5 

- 

15 

5 

MS 


* If more than one unit is cascaded t^CL should be made less than or equal to the sum of the transition time and 
the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 


STATIC ELECTRICAL CHARACTERISTICS 


Charactaristic 

Conditions 

Limits at indicated Temperatures (°C) | 

Units 

D, F,_K, H Packages 

£ Package 

Vo 

(V) 

V|N 

(V) 

Vdd 

(V) 

55 

+25 

+125 

-40 

+25 

+85 


Typ. 

Limit 

Typ. 

Limit 

Quiescent Device 
Current II Max. 

- 

- 

5 

5 

0.5 

5 

300 

50 

0.5 

50 

700 

ma 

- 

- 

10 

10 

1 

10 

600 

100 

1 

100 

1400 

- 

- 

15 

50 

1 

50 

2000 

500 

5 

500 

5000 

Output Voltage: 
Low-Level, 

VOL 

- 

5 

5 

0 Typ.; 0.05 Max. 

V 

— 

10 

10 

0 Typ.; 0.05 Max. 

High Level 

VOH 

- 

0 

5 

4.95 Min.; 5 Typ. 

- 

0 

10 

9.95 Min.; 10 Typ. 

Noise immunity: 
Inputs Low, 

vnl 

4.2 

_ 

5 

1.5 Min.; 2.25 Typ. 

V 

9 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High 

VnH 

0.8 

- 

5 

1.5 Min.; 2.25 Typ. 

1 

- 

10 

3 Min.; 4.5 Typ. 

Noise Margin: 
Inputs Low, 

vnml 

4.5 

- 

5 

1 Min. 

V 

9 

— 

10 

1 Min. 

Inputs High, 

vnmh 

0.5 


5 

1 Min. 

1 

- 

10 

1 Min. 

Output Drive 
Current: 
n-Channel 
(Sink), 

IqN Min. 

0.5 

- 

5 

0.15 

0.3 

0.12 

0.085 

0.072 

0.3 

0.06 

0.05 

mA 

0.5 

- 

10 

0.31 

0.5 

0.25 

0.175 

0.12 

0.5 

0.1 

0.08 

p-Channel 

(Source): 

IqP Min. 

4.5 

- 

5 

-0.1 

-0.16 

-0.08 

-0.055 

-0.06 

-0.16 

-0.05 

-0.04 

9.5 

_ 

10 

-0.25 

-0.44 

-0.20 

-0.14 

-0.12 

-0.44 

-0.1 

-0.08 

Input Leakage 
Current, 

■IL. >IH 

Ar 

iy Ini 

DUt 

15 

±10~®Typ.; ±1 Max. 

ma 



The RCA-CD4014A types are 8-stage parallel- 
input/serial output registers having common 
CLOCK and PARALLEL/SERIAL CON- 
TROL INPUTS, a single SERIAL DATA 
INPUT, and individual parallel "JAM" IN- 
PUTS to each register stage. Each register 
stage is a D-type, master-slave flip-flop. In 
addition to an output from stage 8, "Q" out- 
puts are also available from stages 6 and 7. 
Parallel as well as serial entry is made into 
the register synchronous with the positive 
clock line transition and under control of 
the PARALLEL/SERIAL CONTROL input. 
When the PARALLEL/SERIAL CONTROL 
Input is low, data is serially shifted into the 
8-stage register synchronously with the pos- 
itive transition of the clock line. When the 
PARALLEL/SERIAL CONTROL Input is 
high, data is jammed into the 8-stage register 
via the parallel Input lines and synchronous 
with the positive transition of the clock line. 
Register expansion using multiple CD4014A 
packages is permitted. 

These types are supplied in 16-lead her- 
metic dual-in-line ceramic packages (D and 
F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


clA 

SER. 

IN 

PAR SER 
CONTROL 

PI-1 

Pl-n 

Qi 

(INTER- 

NAL) 

Qn 


X 

1 

0 

0 

0 

0 


X 

1 

1 

0 

1 

0 


X 

1 

0 

1 

0 

1 


X 

1 

1 

1 

1 

1 


0 

0 

X 

X 

0 

Qn-1 


1 

0 

X 

X 

1 

Qn-1 

2 ^ 

X 

X 

X 

X 

Qi 

Qn 


X = DON'T CARE CASE A = LEVEL CHANGE 
NC = NO CHANGE 
Fig. 1 — Truth table. 


498 








CD4014A Types 


Features: 

■ Medium speed operation 5 MHz (typ.) clock ■ Quiescent current specified to 15 V 

rate at Vpp — V55 = 10 V ■ Maximum input leakage current of 1 /iA 

■ Fully static operation at 15 V (full package-temperature range) 

■ 8 master-slave flip-flops plus output ■ 1-V noise margin (full package-temper- 
buffering and control gating ature range) 

DYNAMIC ELECTRICAL CHARACTERISTICS at T^ = 25°C, Input ^ tf = 20 ns. Cl = 15 pF, 

Rl = 200 kn 


Applications: 

■ Synchronous parallel input/serial output 
data queueing 

■ Parallel to serial data conversion 

■ General-purpose register 


10* AMBCNT TEMPERATURE ITa)*J 

alternating *0' 

AND "I* PATTERN 


CHARACTERISTIC 


TEST 

CONDITIONS 


D, F, K, H 
Packages 



Clock Rise & Fall Time; 
tfCL, tfCL* 


Minimum Data Set Up 
Time, ts 


Average input 
Capacitance, C| 


Any Input 


BHBBM 



Fig. 3 — Typical dock input frequency 
vs. supply voltage . 



































CD4015A Types 


CMOS Dual 4-Stage Static Shift Register 

With Serial Input/Parallel Output 

The RCA-CD4015A consists of two identical, 
independent, 4-stage serial-input/parallel- 
output registers. Each register has indepen- 
dent CLOCK and RESET inputs as well as 
a single serial DATA Input. "Q" outputs are 
available from each of the four stages on 
both registers. All register stages are D-type, 
master-slave flip-flops. The logic level pre- 
sent at the DATA input is transferred into 
the first register stage and shifted over one 
stage at each positive-going clock transition. 

MAXIMUM RfKjmQS, Absolute-Maximum Values: 


STORAGE-TEMPERATURE RANGE (Tj^g) -65 to -H50°C 

OPERATING-TEMPERATURE RANGE (T^): 

PACKAGE TYPES D, F, K, H -55 to -H 25°C 

PACKAGE TYPE E -40 to ■f85°C 

DC SUPPLY -VOLTAGE RANGE, (Vqq) 

(Voltages referenced to Vgg Terminal) ~0-6 to +15 V 

POWER DISSIPATION PER PACKAGE (P^) 

FOR T^ = -40 to + 60° C (PACKAGE TYPE E ) 500 mW 


FOR T^ = +60 to +85°C (PACKAGE TYPE E ) Derate Linearly at 12mW/°C to 200 mW 

FOR T;^ = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR T^ = +100 to +125°C (PACKAGE TYPES D, F, K) ... .Derate Linearly at 12 mW/° C to 200 mW 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T^ = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES). ... 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V^q +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 


RECOMMENDED OPERATING CONDITIONS at = 2^C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

VdD 

(V) 

LIMITS 

UNITS 

D, F, K, H 
PACKAGES 

E 

PACKAGE 

MIN. 

MAX. 

MIN. 

MAX. 

Supply-Voltage Range (ForT^ = Full 
Package-Temperature Range) 


3 

12 

3 

12 

V 

Data Setup Time, t 5 

5 

10 

350 

80 

- 

500 

100 

- 

ns 

Clock Pulse Width, tyy 

5 

10 

500 

175 

- 

830 

200 

- 

ns 

Clock Input Frequency, fQ|_ 

5 

10 

dc 

dc 

1 

3 

dc 

dc 

0.6 

2.5 

MHz 

Clock Rise and Fall Time, t^CL, tfCL* 

5 

10 

- 

15 

5 

- 

15 

5 

/is 

Clock Reset Pulse Width, 

5 

10 

500 

175 

- 

830 

200 

- 

ns 


•If more than one unit is cascaded tpCL should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 


Resetting of all stages is accomplished by a 
high level on the reset line. Register expan- 
sion to 8 stages using oneCD4015A package, 
or to more than 8 stages using additional 
CD4015A's is possible. 

These types are supplied in 16-lead her- 
metic dual-in-line ceramic packages (D and 
F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


0AT*,^ 

CLOCK* - 
KESET* - 


CLOCK B- 
^«E$ETg— 


CD401 5A 

FUNCTIONAL DIAGRAM 


Features: 

■ Medium speed operation 

5 MHz (typ.) clock rate at Vqq 
-Vss=10V 

■ Fully static operation 

■ 8 master-slave flip-flops plus output 

buffering 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 juA 

at 15 V (full package-temperature 
range) 

■ 1-V noise margin (full package-tempera- 

ture range) 


Applications: 

■ Serial-input/parallel-output data queueing 

■ Serial to parallel data conversion 

■ General-purpose register 


TRUTH TABLE 


CL^ 

D 

R 

Qi 

Qn 


0 

0 

0 

Qn-1 


1 

0 

1 

Qn-1 


X 

0 

Qi 

Qn 

X 

X 

1 

0 

0 


LEVEL CHANGE 
X= DON'T CARE CASE 


Fig. 1 — Truth table. 



Fig. 2 — Typical clock input frequency 
vs. supply voltage. 
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C04015A Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTERISTICS 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 

UNITS 

D, F, K, H PACKAGES 

E PACKAGE 

Vo 

(V) 

V|N 

(V) 

VqD 

(V) 

-55 

+25 

+125 

-40 

+25 

+85 

TYP. 

LIMIT 

TYP. 

LIMIT 

Quiescent Device 
Current, Ij^ Max. 

- 

- 

5 

5 

0.5 

5 

300 

50 

0.5 

50 

700 

/iA 

- 

- 

10 

10 

1 

10 

600 

100 

1 

100 

1400 

- 

- 

15 

50 

1 

50 

2000 

500 

5 

500 

5000 

Output Voltage: 

Low Level, 

Vql 

- 

5 

5 

0 Typ.; 0.05 Max 

V 

- 

10 

10 

0 Typ.; 0.05 Max 

High Level 
^OH 

- 

0 

5 

4.95 Min.; 5 Typ. 

- 

0 

10 

9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low, 

Vnl 

4.2 

- 

5 

1.5 Min.; 2.25 Typ. 

V 

9 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High 

Vnh 

0.8 

- 

5 

1.5 Min.; 2.25 Typ. 

1 

- 

10 

3 Min.; 4.5 Typ. 

Noise Margin: 

Inputs Low, 

'^NML 

4.5 


5 

1 Min. 

V 

9 


10 

1 Min. 

Inputs High, 
^NMH 

0.5 

- 

5 

1 Min. 

1 

- 

10 

1 Min. j 

Output Drive 

Current: 

N-Channel 

(Sink), 

IqN Min. 

0.5 


5 

0.15 

0.3 

0.12 

0.085 

0.072 

0.3 

0.06 

0.05 

mA 

0.5 

- 

10 

0.31 

0.5 

0.25 

0.175 

0.12 

0.5 

0.1 

0.08 

P-Channel 

(Source): 

IpPMin. 

4.5 

_ 

5 

-0.1 

-0.16 

-0.08 

-0.055 

-0.06 

-0.16 

-0.05 

-0.04 

9.5 

- 

10 

-0.25 

-0.44 

-0.20 

-0.14 

-0.12 

-0.44 

-0.1 

-0.08 

Input Leakage 
Current, 

'iL' 'iH 

1 



±10“^ Typ., ±1 Max. 





[>. 




Fig. 3. — Typical propagation-delay time 
vs. load capacitance. 



Fig. 4 - Typical transition time vs 
load capacitance. 



Fig. 5 - Typical dissipation characteristics. 
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CD4015A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 

at = 25® C, Input t^, tf-20 ns, « 15 pF, = 200 kO, 



TEST 

LIMITS 


CHARACTERISTIC 

CONDITIONS 

d 

, F, K, H 


E 


UNITS 



w 


rAUKAtal: 




vdd 

(V) 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 


CLOCKED OPERATION 

Propagation Delay 
Time; 

TPLH' TpHL 


5 


300 

750 

- 

300 

1000 



10 

- 

100 

225 

- 

100 

300 


Transition Time; 


5 

- 

150 

300 

- 

150 

400 


^THL'^TLH 


10 

- 

75 

125 

- 

75 

150 


Minimum Clock Pulse 


5 

-> 

200 

500 

- 

200 

830 


Width, ty^ 


10 

- 

100 

175 

- 

100 

200 


Clock Rise & Fall 


5 

- 

- 

15 

- 

- 

15 

MS 

Time; t|,CL, t^CL* 


10 

- 

- 

5 

- 

- 

5 

Minimum Data Set- 


5 

- 

100 

350 

- 

100 

500 


up Time, t3 


10 

- 

50 

80 

- 

50 

100 


Maximum Clock 

Input Frequency, 

^CL 


5 

1 

2.5 

- 

0.6 

2.5 

- 

MHz 


10 

3 

5 

- 

2.5 

5 

- 

Average Input 
Capacitance, Cj 



- 

5 

- 

- 

5 

- 

pF 

RESET OPERATION 

Propagation Delay 


5 

- 

300 

750 

- 

300 

1000 

ns 

Time, ipHL 


10 


100 

225 

- 

100 

300 

Minimum 

Reset Pulse Width 


5 

- 

200 

500 

- 

200 

830 




10 

- 

100 

175 

- 

100 

200 



*lf more than one unit is cascaded t^CL should be made less than or equal to the sum of the transition time and 
the fixed propagation delay of the output of the driving stage for the estimated capacitve load. 


INPUT! 




TEST ANY COMBINATION 
OF INPUTS 


92CS-2T44I 


Fig. 7 — Noise-immunity test circuit. 



NOTE 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH Vqo ANOVss 
CONNECT ALL UNUSED 
INPUTS TO either 
VjjdORVss 




Fig. 8 — Input-leak age-current test 
circuit. 



Test performed with the following 
of "I's" and "O's" 


sequence 

Test 
Don't Test 
Don't Test 
Don't Test 
Don't Test 
Don't Test 
Test 
Don't Test 
Test 


Si $2 S3 
0 1 0 
0 0 1 
1 0 1 
0 0 0 
1 0 0 
0 0 1 
1 0 1 
0 0 0 
1 0 0 


TERMINAL DIAGRAM 
Top View 



RESET 8 
' Ql B 
02 8 
038 
04 A 


Fig. 9 — Quiescent-device-current 
test circuit. 
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CD4016A Types 


CMOS Quad 
Bilateral Switch 

For Transmission or Multiplexing 
of Analog or Digital Signals 

The RCA-CD4016A Series types are quad 
bilateral switches intended for the trans- 
mission or multiplexing of analog or digital 
signals. Each of the four independent bi- 
lateral switches has a single control signal 
input which simultaneously biases both the 
p and n device in a given switch ON or OFF. 
These types are supplied in 14-lead her- 
metic dual-in-line ceramic packages (D and 
F suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 

Features: 

■ 15-V digital or ± 7.5-V peak-to-peak switching 

■ 280-12 typical ON resistance for 15-V operation 

■ Switch ON resistance matched to within 10 12 
typ. over 15-V signal-input range 

■ High ON/OFF output-voltage ratio: 

65 dB typ. @ fis = 10 kHz, Rl = 10 k$2 


■ High degree of linearity: <0.5% distortion 
typ. @ f is = 1 kHz, Vis = 5 Vp.p, 

VdD-VsS > 10 V, Rl = 10 kl2 

■ Extremely low OFF switch leakage result- 
ing in very low offset current and high ef- 
fective OFF resistance: 

100 pA typ. @ Vdd-Vss = 10 V, T^ = 250C 

■ Extremely high control input impedance 
(control circuit isolated from signal circuit: 
10 l 2 12 typ. 

■ Low crosstalk between switches: 

-50 dB typ. @ fis = 0.9 MHz, R l = 1 kl2 

■ Matched control-input to signal-output 
capacitance: 

Reduces output signal transients 

■ Frequency response, switch ON = 40 MHz 

(typ.) 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 ixJk 
at 15 V (full package-temperature range) 

Applications: 

■ Analog signal switching/multiplexing 

Signal gating ■ Modulator 

Squelch control ■ Demodulator 

Chopper ■ Commutating switch 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 


operation is always within the following range: 

CHARACTERISTIC 

LIMITS 

Min. 1 Max. 

UNITS 

Supply Voltage Range (For T^ = Full Package 
Temperature Range) 

3 

12 

V 


TYPICAL "ON" RESISTANCE CHARACTERISTICS 



* Variation from a perfect switch, Rqn “ 



Fig. 1 —Schematic diagram — 1 of 4 
identical sections. 


■ Digital signal switching/multiplexing 

■ CMOS logic implementation 

■ Analog-to-digital & digitai-to- 
analog conversion 

■ Digital control of frequency, impedance, 
phase, and analog-signal gain 



INPUT SIGNAL VOLTS (V|s) 


Fig.2 — Typ. "ON" characteristics for 1 of 4 

switches with Vqq = ^15 V, V^s = 0 V. 



Fig. 3 — Typ. "ON" characteristics for 1 of 4 

switches with Vqq = +10 V, V /55 = 0 V. 
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CD4016A Types 


ELECTRICAL CHARACTERISTICS (Cont'd) Vss < V|< Vdd) 

Recommended DC Supply Voltage (Vdd—Vss). .3 to 15 V) 


Characteristic 

Test Conditions 

All Voltage Values 
are in Volts 

Limits 

Values at -55° C. +25° C, +125° C Apply to D, F, K, H Packages 
Values at —40PC,+25^C,+85°C Apply to E Package 

Unit 


Vdd 

(V) 

-55° 

-40° 

+85® 

+125® 

+25®C 

Typ. 

Max. 

Crosstalk Between 
Any 2 of 4 

Switches 
(f = -50 dB) 

Vc(A)-VdD"' 5 
Vc(B) = Vss=-5 
VjjiA) = 5 p-p 
Rl- 1 kS2 

Vos(B) 

-50 dB 

- 

- 

- 

- 

0.9 

- 

MHz 

Propagation 

Delay (Signal 

Input to 

Signal Output) tp^j 

Vqc; = GND 
Cl = 50 pF 
Vi3 = 10Sq. 
Wave 

t^, t^ = 20 ns 

Vdd 

5 





20 

50 

ns 

10 





10 

25 

Capacitance: 

Input.Cjs 

Output, C qs 
F eedthrough, Cjos 

Vdd=+5 

VcC=Vss=-5 





4 


pF 

- 

- 

- 

- 

4 

- 

- 

- 

- 

- 

0.2 

- 

Control (Vq)^ | 

Switch Threshold 
Voltage, VjH 

Vis<VDD.Iis=10j:i^ 

VdD-VsS=15,10,5 

0.7min 

2.9max 

- 

- 

0.2min 

2.4max 

0.5min 

1.5 

2.7 

V 

Input Leakage 
Current,l|L nriax 

Vis<VDD 

Vdd 

-15 

ilO ® typ; ±1 max. 

AiA 

Crosstalk 
(Control Input 
to Signal Output) 

Vc-IO (Sq.Wave) 

tr,tf=20ns iVpD 

RL=10k£2 [=10 

- 

- 

- 

- 

50 

- 

mV 

Turn-On 

Propagation Delay, 
tp dc 

Vdd-Vss=io 

Vc-10 
(See Fig. 25) 
tr,tf=20 ns 
Cl= 15 pF 
Rl= 1 kil 

Vdd 

5 





20 

40 

ns 

10 





10 

20 

Maximum 

Allowable Control 
Input Repetition 
Rate 

vdd=io. 

Vss=GND 

Rl=1 kil. 

Cl= 15 pF 
Vcc=10(Sq.Wave) 
tr,tf - 20 ns 

- 


- 


10 

- 

MHz 

Av. Input 
Capacitance, C| 


- 

- 

- 

- 

5 

- 

pF. 


* Limit determined by minimum feasible leakage current measurement for automatic testing. 
A Symmetrical about 0 volts. 

• For all test conditions. 

^ All control inputs protected by COS/MOS protection network. 



INPUT SIGNAL FREQUENCY ((,,) mHi 

92CS-I6070 

Fig. 11 — Typical switch frequency response 
— switch "ON". 


Fig. 12 


i(j) <j)V DD 


ALL UNUSED TERMINALS 
ARE CONNECTED TO Vss 

92CS-276I0 

- "OFF" switch input or output 
leakage current test circuit. 



temp, for 1 of 4 switches with Vqq = +5 V, 
l/SS = -5 K 



Fig.9 — Typ. feedthru vs. frequency — switch 
"OFF". 



Fig. 10 - Typical crosstalk between switch 
circuits in the same package. 



Fig. 13 - Test circuit for square-wave 
response. 
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CD4016A Types 



SCALE: X-0.2ms/DIV Y = 2.0V/DIV 
VdD * Vc • +7.5V, Vss • -7.57, Rl • lOKfl 
CL-15pF 

flS • 1 KHz Vis = 5V p p 
DISTORTION = 0.2 % 



SCALE: X = 0.2ms/DIV Y = 2.0 V/DIV 
VdD » Vc = >2.5V. Vss = -S.SV. Rl = lOKn 
CL=15pF 

flS - 1 KHz Vis = 5V p p 
DISTORTION = 3 % 


92CS-276I2 


92CS- 27614 


Fig. 14 — Typical sine wave response of Vqq = 
+7.5 I/, Vss = -^ 5 


Fig. 15 — Typical sine wave response of Vpp = 
+2.5 V, Vss ^-2.5 



SCALE. X=100nsDIV 
Y - 5.0 V DIV 


92CS-276I5 


Fig. 16 — Typical square wave response at 
VpD = Vc = +15 V, Vss = Gnd. 



SCALE XOOOns/Div 
Y = 2VDIV 


92CS-276I7 

Fig. 17 — Typical square wave response at Vpp 
= Vc = +5 V. Vss = Gnd. 


V00- + I0V 


0^ \-o 9 

tr«lf«20n« 

Vi»0-^ — C040I6A — ^-QVi 


ALL UNUSED TERMINALS ARE 
CONNECTED TO Vss 

szcs-ZTiOi 

(a) 




Vos WITH TEST UNIT 
( 1 SWITCH OF CD4016A - » 

PLUGGED IN TEST 
FIXTURE) 



Vos FIXTURE ALONE 
INOUNIT TERM 
5 TO 3 OF SOCKET) 



Vc = 10V PER DIV, 
VOS - 0.2V PER DIV 
t lOOnsPERDiV 


92CS-27618 


(b) 


Fig. 18 — Crosstalk -control input to signal output. 



vsso 


Fig. 19 — Propagation delay time signal input 
(V/s) to signal output (Vqs). 




Fig.20 — Max. allowable control-input 
repetition rate. 


O 


^ ( 13 ). 



V|, -Vdd 


Jvss 



SWITCH THRESHOLD VOLTAGE IS DEFINED 
AS THE VOLTAGE APPLIED TO A TRANS- 
MISSION GATE CONTROL WHICH CAUSES 
I0;<A OF TRANSMISSION GATE CURRENT. 


Fig.21- Switch threshold voltage. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T^^g) -65 to +150OC 

OPERATING-TEMPERATURE RANGE (T^;^): 

PACKAGE TYPES D. F. K, H -55 to + 1 25 

PACKAGE TYPE E -40 to +850C 

DC SUPPLY-VOLTAGE RANGE. (Vpp) 

(Voltages referenced to Vgg Terminal) —0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (Pq) 

FOR T^= -40 to -i-60°C (PACKAGE TYPE E ) 500 mW 

FOR T^= -F60 to +85OC (PACKAGE TYPE E ) Derate Linearly at 1 2 mW/°C to 200 mW 

FOR T^ = -55 to +1 00° C (PACKAGE TYPES D, F, K) 500 mW 

FOR T^ = +100 to ■F125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T^ = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vpp +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/1 6 ± 1/32 inch (1 59 1 0.79 mm) from case for 10 s max +265°C 


MEASURED ON BOONTON CAPACITANCE 
BRIDGE MODEL 75A (I MHz) 



ARE CONNECTED TO Vss 


Fig. 22 - Capacitance C/qs and Cqs. 
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CD4017A Types 


CMOS Decade 
Counter/Divider 

Plus 10 Decoded Decimal Outputs 

The RCA-CD4017A consists of a 5-stage 
Johnson decade counter and an output de- 
coder which converts the Johnson binary 
code to a decimal number. Inputs include a 
CLOCK, a RESET, and a CLOCK INHIBIT 
signal. 

The decade counter Is advanced one count at 
the positive clock signal transition if the 
CLOCK INHIBIT signal is low. Counter ad- 
vancement via the clock line is inhibited 
when the clock INHIBIT signal Is high. A 
high reset signal clears the decade counter to 


its zero count. Use of the Johnson decade 
counter configuration permits high speed 
operation, 2-input decimal decode gating, 
and spike-free decoded outputs. Anti-lock 
gating is provided, thus assuring proper 
counting sequence. The 10 decoded outputs 
are normally low and go high only at their 
respective decimal time slot. Each decoded 
output remains high for one full clock cycle. 
A CARRY-OUT (Cqut) signal completes 
one cycle every 10 clock input cycles and is 
used to clock the succeeding decade directly 
in a multi-decade counting chain. 

These types are supplied in 16-lead her- 
metic dual-in-line ceramic packages (D and 
F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and In chip form (H 
suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (Tstg) -6510+150*0 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H -55 to +125*0 

PACKAGE TYPE E -40 to + 85*0 

DC SUPPLY-VOLTAGE RANGE (Vdd) 

(Voltages referenced to Vss Terminal) -0.5 to +1 5 V 

POWER DISSIPATION PER PACKAGE (Pq): 

FOR Ta = -40 to +60*0 (PACKAGE TYPE E) 500 mW 

FOR Ta = +60 to +85* C (PACKAGE TYPE EiJ Derate Linearly at 12 mW/*C to 200 mW 

FOR Ta = -55 to +100°C (PACKAGE TYPES D. F. K) 500 mW 

FOR T^ = +100 to +125‘’C (PACKAGE TYPES D. F, K) ... Derate Linearly at 12 mW/*C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FORTa = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 t 0.79 mm) from case for 10 s max +265*C 




Features: 

■ Synchronous decade counter plus 10 de- 

coded outputs 

■ Fully static operation 

■ Medium speed operation. . . 

... 5 MHz (typ.) at VpD - Vss = 10 V 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 juA 

at 15 V (full package-temperature range 
range) 

■ 1-V noise margin (full package-tempera- 

ture range) 



Applications: 

■ Decade counter/decimal decode display 

■ Frequency division 

■ Counter control/timers 

■ Divide by N counting 

M = 2 - 10 with one CD4017A and one 
one CD4001A 

N > 10 with multiple CD4017A's 

■ For further application information, see 

iCAN-6166 “CMOS MSI Counter 
and Register Design & Applications" 



Fig. 1 - Logic diagram. 


Fig. 2 — Timing diagram. 
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CD4017A Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTERISTICS 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) | 

UNITS 

D, F, K, H PACKAGES 

E PACKAGE 

Vo 

(V) 

V,N 

IV) 

Vdd 

(V) 

-55 

±25 

+125 

-40 

+25 

+85 

TYP. 

LIMIT 

TYP. 

LIMIT 

Quiescent Device 
Current, l(_ Max. 

- 

- . 

5 

5 

0.3 

5 

300 

50 

0.5 

50 

700 

pA 

- 

- 

10 

10 

0.5 

10 

600 

100 

1 

100 

1400 

- 

- 

15 

50 

1 

50 

2000 

500 

5 

500 

5000 

Output Voltage: 
Low-Level, 

Vql 

- 

5 

5 

0 Typ.; 0.05 Max. 

V 

- 

10 

10 

OTyp.; 0.05 Max. 

High Level 

Vqh 

- 

0 

5 

4.95 Min.; 5 Typ. 

- 

0 

10 

9.95 Min.; 10 Typ. 

Noise Immunity: 

Inputs Low, 

Vnl 

4.2 

- 

5 

1.5 Min.; 2.25 Typ. 

V 

9 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High 

Vnh 

0.8 

- 

5 

1.5 Min.; 2.25 Typ. 

1 

- 

10 

3 Min.; 4.5 Typ. 

Noise Margin 

Inputs Low 

Vnml 

4.5 

_ 

5 

1 Min. 

V 

9 

- 

10 

1 Min. 

Inputs High, 

Vnmh 

0.5 

- 

5 

1 Min. 

1 

- 

10 

1 Min. 

Outpu 

Curr< 

N-Ch 

IqN 

Min 

Drive 

>nt: 

annel (Sink) 

Decoded 

Outputs 

0.5 


5 

0.06 

0.1 

0.05 

0.035 

0.03 

0.1 

0.025 

0.02 

mA 

0.5 

- 

10 

0.12 

0.4 

0.1 

0.07 

0.085 

0.4 

0.07 

0.055 

Carry 

Output 

0.5 

- 

5 

0.185 

0.4 

0.15 

0.105 

0.095 

0.4 

0.08 

0.065 

0.5 

- 

10 

0.45 

1 

0.35 

0.25 

0.3 

1 

0.25 

0.2 

P-Ch 

'dP 

Min 

annel (Source) 

Decoded 

Outputs 

4.S 

_ 

5 

-0.0375 

-0.075 

-0.03 

-0.021 

-0.018 

-0.075 

-0.015 

-0.012 

9.5 

- 

10 

-0.12 

-0.2 

-0.1 

-0.07 

-0.085 

-0.2 

-0.07 

-0.055 

Carry 

Output' 

4.5 

- 

5 

-0.185 

-0.4 

-0.15 

-0.105 

-0.095 

-0.4 

-0.08 

-0.065 

9.5 

- 

10 

-0.45 

-1 

-0.35 

-0.25 

-0.3 

-1 

-0.24 

-0.20 

Input Leakage 

Current, 

'lL> 'IH 

Any Input 
- j - 1 15 

±10 ® Typ., ±1 Max. 

ma 



NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH Voo ANOVss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
VOD»»Vss- 


Fig. 10 — Input-leakage-current test circuit. 



Fig. 11 - Noise-immunity test circuit. 



Fig. 12 — Divide by N counter (N ^ 10) with N 
decoded outputs. 


When the Nth decoded output is reached 
(Nth clock pulse) the S-R flip flop (con- 
structed from two NOR gates of the 
CD4001A) generates a reset pulse which 
clears the CD4017A to its zero count. At 
this time, if the Nth decoded output is 
greater than or equal to 6, the CquT line 
goes high to clock the next CD4017A 
counter section. The "0" decoded output 
also goes high at this time. Coincidence of 
the clock low and decoded “0" output low 
resets the S-R flip flop to enable the 
CD4017A. If the Nth decoded output Is 
less than 6, the CquT line will not go high 
and, therefore, cannot be used. In this case 
”0" decoded output may be used to perform 
the clocking function for the next counter. 
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CD4017A Types 


RECOMMENDED OPERATING CONDITIONS af Ta =25^0, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

VdD 

(V) 

LIMITS 

UNITS 

D, F, K, H 
PACKAGES 

E 

PACKAGE 

MIN. 

MAX. 

MIN. 

MAX. 

Supply Voltage Range (ForT/^=Full 
Package-Temperature Range) 


3 

12 

3 

12 

V 

Clock Inhibit 

Setup Time, ts 

5 

10 

500 

200 

- 

700 

300 

- 

ns 

Clock Pulse Width, tyv 

5 

10 

500 

170 

- 

830 

250 

- 

ns 

Clock Input Frequency, fcL 

5 

10 

dc 

dc 

1 

3 

dc 

dc 

0.6 

2 

MHz 

Clock Rise or Fall Time, trCL, tfCL 

5 

10 

- 

15 

15 

- 

15 

15 

MS 

Reset Pulse Width, tyy 

5 

10 

500 

165 

- 

830 

250 

- 

ns 

Reset Removal Time 

5 

10 

750 

225 

- 

1000 

275 

- 

ns 



Fig. 3 — Typical propagation delay time vs. 
Ci_ for decoded outputs. 



Fig. 4 — Typical propagation delay time vs. Ci_ 
for carry output. 



Fig. 5 — Typical transition time vs. for 
decoded outputs. 





Fig. 6 — Typical transition time vs. Ci_ for 
carry output. 



Fig. 7 — Typical clock input frequency vs. Vqq. 


I 


I 


2 


I 


Fig. 8 — Typical dissipation characteristics. 




Test performed with the following 
sequence of " 1 's and "O's" at each switch. 

Si S2 S3 Si S2 S3 


1 1 1 
0 0 0 
0 1 0 
0 0 0 
0 1 0 
0 0 0 


0 1 0 
0 0 0 
0 1 0 
0 0 0 
0 1 0 
0 0 0 
0 1 0 


92CS-I79IIRI 

Fig. 9 — Quiescent device current test circuit. 
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CD4017A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 


At T/y = 25°C, Input t^tf = 20 ns. Cl = 15 pF, Rl = 200 kf2 


CHARACTERISTIC 

TEST 

CONDITIONS 

LIMITS 

UNITS 

^ 

D, F, K, H 
PACKAGES 

E 

PACKAGE 


Vdd 

(V) 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

CLOCKED OPERATION 

Propagation Delay 

TimejtpHLtpLH 

Carry Out Line 


5 


350 

1000 


350 

1300 

ns 

10 

- 

125 

250 

- 

125 

300 

Decode Out Lines 


5 

- 

500 

1200 

- 

500 

1600 

10 

- 

200 

400 


200 

500 

Transition Time; 

tTHL. tTLH 

Carry Out Line 


5 


100 

300 


100 

350 

ns 

10 

- 

50 

150 

- 

50 

200 

Decode Out Lines 


5 

- 

300 

900 

- 

300 

1200 

10 

- 

125 

350 

- 

125 

450 

Maximum Clock Input 
Frequency, fQL* 


5 

1 

2.5 

- 

0.6 

2.5 

- 

MHz 

10 

3 

5 

- 

2 

5 

- 

Minimum Clock Pulse 
Width, tyy 


5 

- 

200 

500 

- 

200 

830 

ns 

10 

- 

100 

170 

- 

100 

250 

Clock Rise & Fall Time; 
trCL, tfCL 


5 

- 

- 

15 

- 

- 

15 

PS 

10 

- 

- 

15 

- 

- 

15 

Minimum Clock Inhibit 
Set-Up Time, tj 


5 

- 

175 

500 

- 

175 

700 

ns 

10 

- 

75 

200 

- 

75 

300 

Average Input 

Capacitance, C| 

Any Input 

- 

5 

- 

- 

5 

- 

pF 

RESET OPERATION 

Propagation Delay 

Time; tp|^ L 

To Carry Out Line 


5 


350 

1000 


350 

1300 

ns 

10 

- 

125 

250 

- 

125 

300 

To Decode Out Lines 


5 

- 

450 

1200 

- 

450 

1600 

10 

- 

200 

400 

- 

200 

500 

Minimum Reset Pulse 

Width, tyy 


5 

- 

200 

500 

- 

200 

830 

ns 

10 

- 

100 

165 

- 

100 

250 

Minimum Reset Removal 
Time 


5 

- 

300 

750 

- 

300 

1000 

ns 

10 

- 

100 

225 

- 

100 

275 


'Measured with respect to carry output line 
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CD4018A Types 


CMOS Presettable Divide-By- N’ Counter 


The RCA-CD4018A types con^st of 5 
Johnson-Counter stages, buffered Q outputs 
from each stage, and counter preset control 
gating. CLOCK, RESET, DATA, PRESET 
ENABLE, and 5 individual JAM inputs are 
provided. Divide by 10, 8, 6, 4, or 2 counter 
configurations^ cani b^ impler^nted by 
feeding the Q5, Q4, Q3, Q2, Q1 signals, 
respectively, back to the DATA input. 
Divide-by-9, 7, 5, or 3 counter configura- 
tions can be implemented by the use of a 
CD4011A gate package to properly gate the 
feedback connection to the DATA input. 
Divide-by functions greater than 10 can be 
achieved by use of multiple CD4018A 


units. The counter is advanced one count at 
the positive clock-signal transition. A high 
RESET signal clears the counter to an all- 
zero condition. A high PRESET-ENABLE 
signal allows information on the JAM inputs 
to preset the counter. Anti-lock gating is 
provided to assure the proper counting 
sequence. 

These types aresupplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 1 6-lead ceramic flat package ' 
(K suffix), and in chip form (H suffix). 






-4“' 





IHABLl— 

—61 

CLOCK — 

— 52 5 



DATA — 

1 . 0, 1 

Ae$tT — 

— 04 3 

^■osj 


J: 

CD 4018 A 

FUNCTIONAL DIAGRAM 


Features: 

■ Medium speed operation 5 MHz (typ.) 

atVDD~Vss=10V 

■ Fully static operation 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 iuA 
at 15 V (full package-temperature range) 

■ 1-V noise margin (full package-temper- 
ature range) 

Applications: 

■ Fixed and programmable divide-by-10, 

9, 8, 7, 6, 5, 4, 3, 2 counters 

■ Fixed and programmable counters 
greater than 10 

■ Programmable decade counters 

■ Divide-by-"N" counters/frequency 
synthesizers 

■ Frequency division 

■ Counter control/timers 


(“DATA” INPUT TIED TO Q5 FOR DECADE COUNTER CONFIGURATION) 


CLOCK 

RESET 

PRESET 

Jam] 

Jam2 

Jam3 

Jom4 

Jam5 

01 

02 

03 

04 

05 



Fig. 2 — Timing diagram. 92SS 4I48R2 



DIVIDE BY 3 

1/2 CD40IIA 


CONNECTED BACK TO "DATA" 
(SKIPS "ALL- 1*1" STATE) 

92CS-I707IR2 

Fig. 3 - External connections for divide by 10, 
9, 8, 7, 6, 5, 4, 3, 2 operation. 
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CD4018A Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (Ts^g) -65 to HBO^C 

operating-temperature range !Ta): 

PACKAGE TYPES D, F, K, H , -55 to +125°C 

PACKAGE TYPE E -40 to +85®C 

DC SUPPLY-VOLTAGE RANGE, (Vdd) 

(Voltages referenced to Vss Terminal); -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (Pq) 

FOR Ta= -40 to +60 °C (PACKAGE TYPE E) 500 mW 

FOR Ta= +60 to +85 °C (PACKAGE TYPE E ) Derate Linearly at 12 mW/®C to 200 mW 

FOR Ta = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR Ta = +100 to +125°C (PACKAGE TYPES D. F, K) Derate Linearly at 12 mW/®C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta= FULL package-temperature RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0-5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 i 1/32 inch (1 .59 iO.79 mm) from case for 10 s max +265**C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta ^ 25''C, Input t^ , tf » 20 ns. 

Cl = 15 pF, Rl = 200 kO. 


CHARACTERISTIC 

TEST 

CONDITIONS 

LIMITS 

UNITS 

D, F, K, H 
Packages 

£ 

Package 


Vdd 

(V) 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

CLOCKED OPERATION | 

Propagation Delay Time; 
tPLH» tPHL 

To Q5 Output 


5 

- 

350 

1000 

- 

350 

1300 

ns 

10 

- 

125 

250 

■ 





5 

- 

500 

1200 

B|; 

BBl 

EEEI3 

■01 

- 



- 

200 

500 

Bm 


5 

- 

WE3t 


B 

BSSi 

l@l 


10 

- 


^91 



Oil 

To Other Outputs 


5 

- 

300 

900 

- 

IBTil 

IHBl 

ns 

mm 

- 



- 



Maximum Clock Input 
Frequency, fcL 


5 

1 


- 



- 

MHz 

■El 

3 

n 

- 

2 

Bi 

- 



5 

- 

200 

500 

- 

RBI 


ns 

■El 

- 

BBl 

PBl 

- 

KTBl 

250 

Clock Rise & Fall Time; 
trCL, tfCL 


5 

- 

- 

■a 

- 

- 

wm 


■El 

- 

— 

mm 

- 

- 

■9 

Min. Data Input Set-Up 
Time, ts 


5 

- 

PEI 

l«HHI 

- 

IFEl 



■El 

- 


BfBl 

- 

wm 


Average Input 
Capacitance, C| 

Any Input 

- 

5 

- 

- 

5 

- 

pF 


Propagation Delay Time: 

^PLH'^PHL 

To Q5 Output 


5 

- 

350 


■ 


1300 

ns 

10 

- 

125 

250 

■ 


300 

To Other Outputs 


\mm 

BjH 

ETil 

iBBI 

iBi 

500 

1600 

10 

_ 

RBI 

ESS 

- 

RBI 

500 

Min. Preset or Reset 

Pulse Width 

tw 


5 

- 

200 

500 

- 

200 

830 

ns 

10 

- 

100 

165 

- 

100 

250 

Min. Preset or Reset 
Removal Time 


5 

- 

300 

750 

- 

300 

1000 

10 

- 

100 

225 

- 

100 

275 


* At PRESET ENABLE OR JAM Inputs. 



AM0IENT TEMPERATURE (T^l • 25*C 
TYRKAL TEMPERATURE COEFFICIENT FOR 
Au VALUES or vpo • 0.3% rc 

-- 


ST 

TTTF 




fHiX 


S' 









s 

irt 


m" 

niji; 






:::: 



it 

= 1000 

MT ■ 

■TIT' 





- ■++■ 

— 


-jli 

^K)00 

F 

1 

g 900 

I 

I 

1 

SUPPI 

LV 

1 

«L 

1 

S 

I 

:: 

Vool- 


1 

1 

1: 


10 20 30 40 50 60 ro 80 

LOAD CAPACITANCE (Cj.) — pF 


Fig. 4 — Typical propagation delay time vs. 

load capacitance for decoded outputs. 



Fig. 5 — Typical propagation delay time vs. 
load capacitance for Qg output. 



Fig. 6 — Typical transition time vs. load 
capacitance for decoded outputs. 



Fig. 7 — Typical transition time vs. load 
capacitance for Qg output. 
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CD4018A Types 


RECOMMENDED OPERATING CONDITIONS at T^ = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

Vdd 

(V) 

LIMITS 


D, F. K, H 
Packages 

E 

Package 


Max. 



Supply-Voltage Range (For Ta = Full 
Package-Temperature Range) 




3 

12 

V 

Data Setup Time, t 5 

5 

10 



700 

300 

_ 


Clock Pulse Width, tyy 



- 

830 

250 

- 


Clock Input Frequency, 

5 

10 

dc 

dc 

1 

3 

dc 

dc 

0.6 

2 


Clock Rise and Fall Time, t^CL, tfCL 

5 

10 

- 


— 

m 


Preset or Reset Pulse 

Width, t^ 

5 

10 

500 

165 

1 

830 

250 

: 


Preset or Reset Removal Time 

5 

10 

750 

225 

_ 

1000 

275 

— 

ns 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 

Conditions 

Limits at Indicated Tcmperaturct (°C) 

Units 

D, F, K, H Packages 

E Package 

Vo 

(V) 

V|N 

(V) 

Vdd 

(V) 

-55 

+25 

+125 

-40 

+25 

+65 


B9S 




Quiescent Device 
Current ![_ Max. 

- 

- 

5 

5 

IBEI 

5 

BctiNB 



'EH 

lESI 


- 

- 

10 

mm 

ESI 

■El 


ELiil 

eh 

Da 

IfESSM 

- 

- 

15 

50 



QQI 

ESI 

ESI 


OE 

Output Voltage: 

Low Level, 

vql 

- 

5 

5 

0 Typ.; 0.05 Max. 

1 

- 

10 

10 

0 Typ.; 0.05 Max. 

High Level 

Vqh 

- 

0 

5 

4.95 Min.; 5 Typ. 

- 

0 

10 

9.95 Min.; 10 Typ. 

Noise Immunity- 
Inputs Low, 

Vnl 

4.2 

- 

5 



9 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High 

vnh 

0.8 

- 

5 

1.5 Min.; 2.25 Typ. 

1 

- 

10 

3 Min.; 4.5 Typ. 

Noise Margin: 

Inputs Low, 

vnml 

4.5 

- 

5 

1 Min. 

1 

9 

- 

10 

1 Min. 

Inputs High, 

vnmh 

0.5 

- 

5 

1 Min. 

1 

- 

10 

1 Min. 

Output Drive 
Current: 
n-Channel 
(Sink) 

IqN Min. 

Qb 

0.5 

- 

5 


mm 

03 



■Zl 

EES! 

EEEI 


0.5 

- 

10 

EES 

' 

EES 




E^i 

KOI 

Qi.^2 

Q3.Q4 

0.5 

- 

5 

EES 

m 



B!TCT 

mm 

EEH 

ESS 

0.5 

- 

10 


ma 


DEI 

03 

mm 

IE3 

OE 

p-Channel 

(Source) 

|0P Min. 

Q5 

4.5 

- 

5 


eeb 

ElS 



BZI 



9.5 

- 

10 

RBI 

■1 


BiH-i 

ESI 




01,02 

Q3.Q4 

4.5 

- 

5 

ItfiTEl 

BiKU 

EES 

EES 


Bilkl 

BTigl 

BifrVll 

9.5 

- 

10 


eei 

BCT 

EIEI 

EE3 

Muni 

WtWtM 

BilH 

Input Leakage 

Current, 
l|L, l|H Max. 

Any Inf 

lUt 

15 

±10-5 Typ., ±1 Max. 

1 



Fig. 8 — Typical maximum input dock 


frequency vs. supply voltage. 



Fig. 9 — Typical dissipation characteristics 
Voo 


INPUTS 



r 

92CS-2r44l ''SS 


OUTPUTS 



NOTE 

TEST ANY COMBINATION 
OP INPUTS 


Fig. 10 — Noise-immunity test circuit 



9.CS .79.3«, 1001110 

0 0 0 1 0 0 0 

0 0 0 0 0 0 0 

1 0 0 0 1 0 0 

0 0 0 0 0 1 0 

0 0 0 0 0 0 0 

Fig. 11 — Quiescent-device-current test circuit. 



M£>- 

Vss 


T" 

Vss 


NOTE: 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH Vqd and Vss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
VqdORVss 


Fig. 12 — Input-leakage-current test circuit. 


513 






















CD4019A Types 


CMOS Quad AND/OR Select Gate 


The RCA-CD4019A types are comprised of 
four AND/OR select gate configurations, 
each consisting of two 2-input AND gates 
driving a single 2-input OR gate. Selection 
is accomplished by control bits Kg and Kb- 
In addition to selection of either channel A 
or channel B information, the control bits 
can be applied simultaneously to accomplish 
the logical A + B function. 

These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (Esuffix), 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 

MAXIMUM R^J\UGS, Absoluta-Maximum Values: 

STORAGE-TEMPERATURE RANGE (Tj^g) -65to+150°C 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H -55 to +125®C 

PACKAGE TYPE E -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (Vqd) 

(Voltages referenced to Vss Terminal): -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (Pq) 

FOR Ta = -40 to +60°C (PACKAGE TYPE E ) 500 mW 

FOR Ta = +60 to +85°C (PACKAGE TYPE E ) • •_• •• Derate Linearly at 12 mW/°C to 200 mW 

FOR Ta = -55 to +100°C (PACKAGE TYPES D, F, K)" 500 mW 

FOR Ta = +100 to +125^0 (PACKAGE TYPES D. F, K) . . .Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0-5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ±1/32 inch (1.59 ±0,79 mm) from case for 10 s max +265°C 



CD4019A 

FUNCTIONAL DIAGRAM 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 




LIMITS 


CHARACTERISTIC 

Vdd 

(V) 

D. F. K, H 
Packages 

E 

Package 

UNITS 


Min. 

[1^91 


I2B9 


Supply-Voltage Range (ForTA= Full 
Package-Temperature Range) 


3 

12 

3 

12 




ALL INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 


Voo 



Fig. 1 — Schematic diagram for 1 of 4 identical stages. 


Features: 

■ Medium-speed operation 

■ • • *PHL “ ^PLH " <tyP') at Cl *= 15 pF, 
Vdd=10V 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 juA 
at 15 V (full package-temperature range) 

■ 1-V noise margin (full package-temper- 
ature range) 


Applications: 

■ AND-OR select gating 

■ Shift-right/shift-left registers 

■ True/complement selection 

■ AND/OR/Exclusive-OR selection 


t 

i ; 
1 200 1 

AMKNT 

TYPICAL 

VALUU 

mmnmmmmmm « ■■■■■■■ 

■■■■■■■■a ■ ■■■■■■■ 

mmummmmmm m ■■■■■■■ 

■■■■I TjjvM'KA^ amin-i 

AL 

ii 

L ' 

aaa 

aaa 

aaa 

aaa 

aaa 

aaa 

aaa 

aaa 

aaa 

aaa 

aaa 

aaa 

::: 

aaa 

ill 

aaa 


1 1 


■■•■■■■■a aaa^'..tfaaaaa 

H 

Si 

aaa 

aaaa 

aaaai 

lllli 



■BBa'^aaa «•■■■■■•■•• 
«*::«aaa8aa aanaBaaaaa 

SS^ 


SKSS 

iSSSij 

I 

■■iSSS 

ssssss 

amsr. rfOMlsu 

;;:g5i;5iiaggg 

mmwmm 

^mumm 

ms 

mmmil 

S88SS 

SSSaS 

Bis 

alii 

aaaaai 


0 10 20 30 40 SO 60 70 80 

LOAD CA»>ACIUNCE (0^1 • pf j, 


Fig. 2 — Typical propagation delay time vs. 
load capacitance. 



Fig. 3 — Typical transition time vs. load 
capacitance. 



Fig. 4 —Maximum propagation delay time vs, 
supply voltage. 
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CD4019A Types 


STATIC ELECTRICAL CHARACTERISTCS 


Characteristic 

Conditions 

Limits at Indicated Temperatures (°C) | 

Units 

D, F, K, H Packages 

1 E Package 

Vo 

(V) 



-55 

+25 

+125 

-40 

1 +25 


Typ. 

Limit 

\m 

inwiffi 

+85 

Quiescent Device 

Current,! L 

— 

— 

5 

5 

0.03 

5 

300 

50 

0.1 

50 

700 

/lA 

- 

- 

10 

10 

0.05 

10 

600 

100 

0.2 

100 

o 

o 

_ 

— 

15 

50 

1 

50 

2000 

500 

5 

500 

|5000 

Output Voltage: 
Low-Level, 

VoL 

- 

5 

5 

0 Typ.; 0.05 Max. 

V 

— 

10 

10 

0 Typ.; 0.05 Max. 

High Level 

vqh 

— 

0 

5 

4.95 Min.; 5 Typ. 

- 

0 

10 

9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low, 

vnl 

3.6 

- 

5 

1.5 Min.; 2.25 Typ. 

V 

7.2 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High 

vnh 

1.4 

- 

5 

1.5 Min.; 2.25 Typ. 

2.8 

- 

10 

3 Min.; 4,5 Typ. 

Noise Margin: 
Inputs Low, 

vnml 

4.5 

_ 

5 

1 Min. 

V 

9 

- 

10 

1 Min. 

Inputs High, 

vnmh 

0.5 

- 

5 

1 Min. 

1 

- 

10 

1 Min. 

Output Drive 
Current: 
n-Channel 
(Sink) 
loNMin. 

0.5 

- 

5 

0.6 

0.9 

0.45 

0.3 

0.37 

1 

0.3 

0.23 

mA 

0.5 

- 

10 

0.9 

1.5 

0.75 

0.55 

0.8 

1.5 

0.65 

0.5 

p-Channel 
(Source) : 

IqP Min. 

4.5 

- 

5 

-0.31 

-0.5 

-0.25 

-0.175 

-0.145 

-0.5 

-0.12 

-0.095 

9.5 

- 

10 

-0.95 

-1.5 

-0.7 

-0.5 

-0.6 

-1.5 

-0.5 

-0.4 

Input Leakage 
Current, 
l|L. hH 

An 

y Inp 

ut 

15 

±10“® Typ., ±1 Max. 

fxA 



Fig. 5 — Typical dissipation characteristics, 
(per output). 


^00 



Fig. 6 — Quiescent-device-current test circuit. 



DYNAMIC ELECTRICAL CHARACTERISTICS at T/x = 25°C, Input t^ tf = 20 n$. Cl » 15 pF, 

RL = 200 kQ 





LIMITS 


CHARACTERISTIC 

TEST 

CONDITIONS 

0, F, K, H 
Packages 

E 

Package 

UNITS 



VdD 

(V) 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 


Propagation Delay 

Time; 

tPLH.tpHL 


5 

- 

100 

225 

- 

100 

300 



10 

- 

50 

100 

- 

50 

125 

ns 

Transition Time; 


5 

- 

100 

200 

- 

100 

275 


tTHL,tTLH 


10 

- 

40 

65 

- 

40 

80 

ns 

Average Input 
Capacitance, C| 

All A and B 

Inputs 

- 

5 

- 

- 

5 

- 

PF 

Kg and K 
Inputs 

b 

- 

12 

- 

- 

12 

- 

PF 


Fig. 7 — Noise-immunity test circuit. 


INPUTS 


voo 


MD 


T 

Vss 


NOTE: 

MEASURE INPUTS 
SEQUENTIALLY. 

TO eOTN VdoANO\^- 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Voo O** Vjj- 


• 20-27402 


Fig. 8 — Input-leakage-current test circuit. 
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CD4020A Types 


These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes). 16-lead dual-in-line plastic pack- 
age {E suffix), 16-lead ceramic flat package^. 
(K suffix), and in chip form (H suffix). 


counter is reset to its all-zeroes state by a 
wIVIv/O high level on the RESET inverter input line. 

counter stage is a static master-slave 
IH- Oiage nippie uairy fnp-fiop. The counter is advanced one count 

Binary Counter/Divider 

The RCA-CD4020 consists of a PULSE These types are supplied in 16-lead hermeti( 

INPUT shaping circuit, RESET line driver dual-in-line ceramic packages (D and I 

circuitry, and 14 ripple-carry binary counter suffixes). 16-lead dual-in-line plastic pack 

stages. Buffered outputs are externally avail- age {E suffix), 16-lead ceramic flat package 

able from stages 1 and 4 through 14. The (K suffix), and in chip form (H suffix). 

MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (Tj ) -66 to -HBOOC 

OPERATING-TEMPERATURE RANGE (T^): 

PACKAGE TYPES D, F, K, H -55 to +1950r 

PACKAGE TYPE E . . " ’ ^ ' -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V^q) 

(Voltages referenced to Vgg Terminal) — 0.5 to ■^15 V 

POWER DISSIPATION PER PACKAGE (Pq): 

for T^ = -40 to -teoOc (PACKAGE TYPE E ) 500 mW 

FOR T^ = -^60 to -t-85°C (PACKAGE TYPE E ) Derate Linearly at 12 mW/°C to 200 mW 

FOR Ty^ = -55 to +100“C (PACKAGE TYPES D,F,K) 500 mW 

FOR T^ = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T;^ = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V^n +0-5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 


55 to +125°C 
-40 to +85°C 


RECOMMENDED OPERATING CONDITIONS at T^ = 250C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 




Features: 

■ Medium speed operation . . . 

7 MHz (typ.) at VqD-^SS = 10 V 

■ Low output impedance 

■ Common reset 

■ Fully static operation 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 juA 
at 15 V (full package-temperature range) 

■ 1*V noise margin (full package-temperature 
range) 


Applications: 

■ Frequency-dividing circuits 

■ Time-delay circuits 

■ Counter control 

■ Counting functions 


INPUT 

PULSE 



A ACTION OCCURS ON NEGATIVE GOING TRANSITION OF INPUT 
PULSE. COUNTER ADVANCES ONE BINARY COUNT ON EACH 
92CM-I60l7n2 NEGATIVE A TRANSITION (16,384 TOTAL BINARY COUNTS). 

Fig. 1— Logic diagram for 1 of 14 binary stages. 
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CD4020A Types 


AU. INPUTS ANC 
PNOTCCTCO SV 
COS/MOS PNOTCCTION ' 
NCTWOMK ^ 



Fig. 2 — Schematic diagram of pulse shapers and 1 of 14 binary stages. 

STATIC ELECTRICAL CHARACTERISTICS 


Limits at Indicated Temperatures (^C) 


Characteristic 


Quiescent 
Device 
Current, 
II Max. 


Output 

Voltage: 

Low-Level, 

VOL 


High-Level, 

Vqh 





































CD4020A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T^ = 250C, Input tptf - 20 ns, 
Cl= 15pF, RL200k^2 


CHARACTERISTIC 

TEST 

CONDITIONS 

LIMITS 

UNITS 

D, F, k, H 
Packages 

E 

Package 


Vqd 

(V) 


Typ. 




Max. 

Clocked Operation | 

Propagation Delay 
Time,* 
tPLH- tPHL 


5 

_ 

450 

600 

_ 

450 

650 

ns 

10 

- 

150 

225 

- 

150 

250 

Transition Time, 

^THL' ^TLH 


5 

- 

KSSM 


- 



ns 

10 

- 

^^1 

^^1 

- 

|Qg| 

|jcj^ 

Maximum Input Pulse 
Frequency, 


5 

la 

2.5 



mm 

- 

MHz 


4 

6 

- 

4 

Ei 

- 

Minimum Input Pulse 
Width, tyy 


5 

- 

EEI3I 


- 

KiM 


ns 


- 

El 


- 

El 

1^1 

Input Pulse Rise & 

Fall Time, 


5 

- 

- 

mm 

- 

- 

mm 

Ats 

10 

- 

- 

mm 

a 

- 

El 

Average Input 
Capacitance, C| 

Any Input 

- 

- 


B 

- 

5 

pF 

Reset Operation | 

Propagation Delay 
Time,* 

^PHL 

■ 


_ 



_ 

2000 

3500 

ns 

3 

- 


775 

- 


300 

Minimum Reset Pulse 
Width, 

% 

■ 

m 

_ 

1800 

2500 

_ 

1800 

3000 

ns 


- 


475 

— 

300 

550 


* Propagation delay is from input pulse to output. 



Fig. 7— Typical propagation delay time vs. C^, 



Fig. 8- Typical transition time vs. C^. 



Fig. 9-Typical clock input frequency vs. Vqq. 


Fig. 10— Typical dissipation characteristics. 


Fig. 11— Quiescent-device-current test circuit. 



4 note; 

Vce TEST ANY COMBINATION 

OF INPUTS 



NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH VoD ANOVss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
V00«»Vss- 


92CS-2744I 


92CS-2M02 


Fig. 12— Noise-immunity test circuit. 


Fig. 1 3— Input-leakage-current test circuit. 











































CD4021A Types 


CMOS 8-Stage Static Shift Register 


Asynchronous Parallel Input/Serial Output, 
Synchronous Serial Input/Serial Output 


The RCA-CD4021A types are 8-stage paral- 
lel or serial-input/serial-output shift registers 
having common CLOCK and PARALLEL/ 
SERIAL CONTROL inputs, a single SER- 
IAL DATA input, and individual parallel 
Jam inputs to each register stage. Each regis- 
ter stage is a D-type, master-slave flip-flop. 
Q outputs are available from the sixth, 
seventh, and eighth stages. 

When the PARALLEL/SERIAL CONTROL 
input is low, data are serially shifted into 
the 8-stage register synchronously with the 
positive-going transition of the CLOCK 
pulse. 


Features: 

■ Asynchronous parallel or synchronous serial operation 
under control of parallel/serial control-inpult 

■ Individual JAM inputs to each register stage 

■ Master-slave flip-flop register stages 

■ Fully static operation DC to 5 MHz 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 juA 
at 15 V (full package-temperature range) 

■ 1-V noise margin (full package-temper- 
ature range) 


When the PARALLEL/SERIAL CONTROL 
input is high, data are jammed into the 8- 
stage register via the parallel input lines asyn- 
chronously with the clock line. 

Register expansion is possible using addi- 



tional CD4021A packages. 

These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 16-lead ceramic flat package 
(K suffix), and in chip form (H suffix). 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTERISTICS 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (“O | 

UNITS 

D, F, K, H PACKAGES 

E PACKAGE 

Vo 

(V) 

V|N 

(V) 

''dd 

(V) 

-55 

+25 

+125 

-40 

+25 

+85 

TYP. 

LIMIT 

TYP. 

LIMIT 

Quiescent Device 
Current l|_ Max. 

- 

- 

5 

5 

0.5 

5 

300 

50 

0.5 

50 

700 

pA 

- 

-- 

10 

10 

1 

10 

600 

100 

1 

100 

1400 

- 

_ 

15 

50 

J 

50 

2000 

500 

5 

500 

5000 

Output Voltage: 
Low-Level, 

Vql 

- 

5 

5 

0 Typ.; 0.05 Max. 

V 

- 

10 

10 

0 Typ.; 0.05 Max. 

High Level 

Vqh 

- 

0 

5 

4.95 Min.; 5 typ. 

- 

0 

10 

9.95 Min.; 10 Typ. 

Noise Immunity; 
Inputs Low, 

Vnl 

4.2 

- 

5 

1.5 Min.; 2.25 Typ. 

V 

9 


10 

3 Min.; 4.5 Typ. 

Inputs High 

Vnh 

0.8 

_ 

5 

1.5 Min.; 2.25 Typ. 

1 

- 

10 

3 Min.; 4.5 Typ. 

Noise Margin: 

Inputs Low, 

^nml 

4.5 

- 

5 

1 Min. 

V 

9 

- 

10 

1 Min. 

Inputs High, 
^NMH 

0.5 


5 

1 Min. 

1 

- 

10 

1 Min. 

Output Drive 
Current: 

N-Channel 

(Sink), 

IqN Miri. 

0.5 


5 

0.15 

0.3 

0.12 

0.085 

0.072 

0.3 

0.06 

0.05 

mA 

0.5 

- 

10 

0.31 

0.5 

0.25 

0.175 

0.12 

0.5 

0.1 

0.08 

P-Channel 

(Source) 

IpP Min. 

4.5 

_ 

5 

-0.1 

-0.16 

-0.08 

-0.055 

-0.06 

-0.16 

-0.05 

-0.04 

9.5 

- 

10 

-0.25 

-0.44 

-0.20 

-0.14 

-0.12 

-0.44 

-0.1 

-0.08 

Input Leakage 
Current, 

'iL' 'iH 

Ar 

ly Inp 

ut 

15 

±10“^ Typ., ± 1 Max. 



Applications: 

■ Parallel to serial data conversion 

■ Asynchronous parallel input/serial output 
data queueing 

■ General purpose register 


AMBIENT TEMPERATURE (T* ) ■ 25»C . . i j . i . i | . . . i | 1 ; . . 
LOAD CAPACITANCE (C, ) • 15 pF ! I ! 1 ! I ! ! ! I ! ! 1 [ ! ! 



Fig. 1 - Typical dock input frequency vs. 
supply voltage. 



Fig. 2 — Typical propagation delay time vs. 
load capacitance. 
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CD4021A Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE iTstg) -65 to +150®C 

OPERATING-TEMPERATURE RANGE (Ta) 

PACKAGE TYPES D. F, K, H .-65to+125"C 

PACKAGE TYPE E -40 to +85“ C 

DC SUPPLY-VOLTAGE RANGE, (Vdd) 

(Voltages referenced to Vss Terminal) -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (Pq) 

FOR Ta = -40 to +60°C (PACKAGE TYPE E ) 500 mW 

FOR Ta = +60 to +85“C (PACKAGE TYPE E ) Derate Linearly at 12 mW/“C to 200 mW 

FOR Ta = -55 to +100*0 (PACKAGE TYPES D, F, K) 500 mW 

FOR T^ = +100 to +125*C (PACKAGE TYPES D, F, K) ... Derate Linearly at 12 mW/“C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265“C 



»2CS-ir$oe 


Fig. 3 — Typical transition time vs. 
load capacitance. 




Fig. 4 — Typical dissipation 
characteristics. 


TRUTH TABLE 


CL^ 

Serial 

Input 

Parallel/ 

Serial 

Control 

PI-1 

Pl-n 

Qi 

(Internal) 

Qn 

X 

X 

1 

0 

0 

0 

0 

X 

X 

1 

0 

1 

0 

1 

X 

X 

1 

1 

0 

1 

0 

X 

X 

1 

1 

1 

1 

1 

T" 

0 

0 

X 

X 

0 

Qn-1 

r 

1 

0 

X 

X 

1 

Qn-1 


X 

0 

X 

X 

Qi 

Qn 


A = level CHANGE X = DON'T CARE CASE 
NO CHANGE 92CS-17141R3 


Fig. 6 - Truth table. 


RECOMMENDED OPERATING CONDITIONS af Ta =25'*C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the foliowing ranges: 


CHARACTERISTIC 

Vdd 

(V) 

LIMITS 



UNITS 

D, F, K, H 
PACKAGES 

E 

PACKAGE 

MIN. 

MAX. 

MIN. 

MAX. 

Supply-Voltage Range (ForTA=Full 
Package-Temperature Range) 


3 

12 

3 

12 

V 

Data Setup Time, ts 

5 

10 

350 

80 

- 

500 

100 

- 

ns 

Clock Pulse Width, tw 

5 

10 

500 

175 

- 

830 

200 

- 

ns 

Clock Input Frequency, fcL 


dc 

dc 

1 

3 

dc 

dc 

0.6 

2.5 

MHz 

Clock Rise and Fall Time, trCL, tfCL* 

5 

10 

- 

15 

5 

- 

15 

5 

MS 


*lf more than one unit is cascaded t|-CL should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 
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CD4021A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 

at Ta = 25^ C, Input tr, tf = 20 ns, Ci_ = 15 pF, Ri = 200 kQ 


CHARACTERISTIC 

TEST 

CONDITIONS 

LIMITS 

UNITS 

D, F, K, H 
PACKAGES 

E 

PAr.XAGF 


vdd 

(V) 


I 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Propagation Delay 
Time,** 
tPLH.tpHL 


5 

- 

300 

750 

- 

300 

1000 

ns 

10 

- 

100 

225 

- 

300 

300 

Transition Time; 

^THL^tJLH 


5 

- 

150 

300 

- 

150 

400 

ns 

10 

- 

75 

125 

- 

75 

150 

Maximum Clock Input 
Frequency, fcL 


5 

1 

2.5 

- 

0.6 

2.5 

- 

MHz 

10 

3 

5 

- 

2.5 

5 

- 

Minimum Clock Pulse 
Width, tw 


5 

- 

200 

500 

- 

200 

830 

ns 

10 

- 

100 

175 

- 

100 

200 

Clock Rise & Fall 
Time;trCL & tfCL* 


5 

- 

- 

15 

- 

- 

15 

jUS 

10 

- 

- 

5 

- 

- 

5 

Minimum Data Set 

Up Time, ts 


5 

- 

100 

350 

- 

100 

500 

ns 

10 

- 

50 

80 

- 

50 

100 

Minimum High-Level 
Parallei/Serial 

Control Pulse 

Width tw 


5 

— 

200 

500 

— 

200 

830 

ns 

10 

- 

100 

175 

- 

100 

200 

Input Capacitance C| 

Any Input 

- 

5 

- 

- 

5 

- 

pF 


*lf more than one unit is cascaded trCL should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 
**From Clock or Parallel/Serial Control Input 




Fig. 7 — Noise-immunity test circuit. 


Test performed with the following sequence 
of "One's" and "Zero's". 

S'! S2 S3 S4 S5 
0 0 10 0 
10 111 
10 10 1 
0 1111 
0 10 0 0 



Fig. 8 — Quiescent device current test circuit. 



Fig. 9 — input-ieakage-current 
test circuit. 


Fig. to — One typical stage and its equivalent detailed circuit. 
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CD4022A Types 


CMOS Divide-By-8 

Counter/Divider 

With 8 Decoded Outputs 


The RCA-^CD4022A types consist of a 4- 
stage divide-by-8 Johnson counter, associ- 
ate decode output gating and a CARRY- 
OUT BIT. The counter is cleared to its zero 
count by a high RESET signal. The counter 
is advanced on the positive CLOCK-signal 
transition provided the CLOCK INHIBIT 
signal is low. 

Use of the Johnson divide-by-8 counter 
configuration permits high-speed operation, 
2-input decode gating, and spike-free de- 
coder outputs. Anti-lock gating is provided, 
thus assuring proper counting sequence. The 
8 decode gating outputs are normally low 


and go high only at their respective decoded 
time slot. Each decode gate output remains 
high for one full clock cycle. The CARRY- 
OUT signal completes one cycle every 8 
CLOCK-INPUT cycles and is used as a 
ripple-carry signal to directly clock a suc- 
ceeding counter package in a multi-package 
counting system. 

These types are supplied in16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (Esuffix), 16-lead ceramic flat package 
(K suffix), and in chip form (H suffix). 



Features: 


MAXIMUM RATINGS, Absolute-Maximum Values: 


STORAGE-TEMPERATURE RANGE (Tstg) -65 to +150°C 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H -55 to +125°C 

PACKAGE TYPE E -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (Vdd) 

(Voltages referenced to Vgs Terminal): -0.5 to +15 V 


POWER DISSIPATION PER PACKAGE (Pq) 

FOR Ta= -40 to +60°C (PACKAGE TYPE E ) 500 mW 

FOR Ta= +60 to +85°C (PACKAGE TYPE E ) Derate Linearly at 12 mW/°C to 200 mW 

FOR = -55 to +100‘’C (PACKAGE TYPES D. F. K) 500 mW 

FOR Ta = +100 to +125“C (PACKAGE TYPES D, F. K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta= full package-temperature range (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to Vqd +0-5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ±1/32 inch (1 .59 ±0,79 mm) from case for 10 s max +265 °C 


■ Medium speed operation .... 5 MHz (typ.) at 

Vdd ■“ Vss = 10 V 

■ Divide by N counting; N = 2 to 8 with one 
CD4022A plus one CD4001A package 

■ Quiescent current specified to 15 V 

■ Maximum Input leakage current of 1 juA 
at 15 V (full package-temperature range) 

■ 1-V noise margin (full package-temper- 
ature range) 


Applications: 

■ Binary counting/decoding 

■ Binary frequency division 

■ Binary counter control/timers 


RECOMMENDED OPERATING CONDITIONS at T^ = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

Vdd 

(V) 

LIMITS 

UNITS 

D, F, K, H 
Packages 

E 

Package 

Min. 

Max. 

Min. 

Max. 

Supply-Voltage Range (For Ta = Full 
Package-Temperature Range) 


3 

12 

3 

12 

V 

Clock Inhibit 

Setup Time, tg 

5 

10 

175 

75 

- 

175 

75 

_ 

ns 

Clock Pulse Width, tyy 

5 

10 

500 

170 

_ 

830 

250 

- 

ns 

Clock Input Frequency, f^^ 

5 

10 

dc 

dc 

1 

3 

dc 

dc 

0.6 

2 

MHz 

Clock Rise and Fall Time, t^CL, tfCL 

5 

10 

_ 

15 

15 

_ 

15 

15 

MS 

' Reset Pulse Width 

5 

10 

300 

150 

_ 

600 

300 


ns 

Reset Removal Time 

5 

10 

752 

225 

— 

1000 

275 

- 

ns 
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"ALL INPUTS ARE PROTECTED BY 
COS/tiOS PROTECTION NETWORK 

F/g. 1 — Logic diagram. 


STATIC ELECTRICAL CHARACTERfSTICS 


CLOCK 

RESET 


j^u-yLnj\j\r\Tu\r\j^Lj^^ 

"'y 


“ 2 “ 

" 3 " 


J-o\^ 




rrv 1 

1 1 

nrv 

rrv 

r4\ 

rax 

/T\ 

rE\ 

nrv 

rrv 

m 

m 


Fig. 2 — Timing diagram. 



Fig. 3 — Typical propa^tion delay time v$. 

load capacitance for decoded outputs. 


Charecttrlttic 

Conditions 

Limits at Indieated Temperatures (**0 I 

Units 

D, F, K, H Packages 

£ Package 

Vo 

(V) 

V|N 

(V) 

VdD 

(V) 

-55 

+26 

+125 

-40 

+25 

+66 


Effil 

W!ffl 

KR9 

Limit 

Quiescent Device 
Current II Max. 

- 

- 

5 

5 


B 

mm 

50 

mm 

mm 

EE3i 

pA 

- 

- 

■El 

■El 

mm 

■3 


■ca 

1 

■Ea 

lEm 

- 

- 

m 

mm 

1 

El 


tm 

5 

mm 

f7iM 

Output Voltage: 

Low Level 

VOL 

- 

H 

B 

0 Typ.; 0.05 Max. 

1 

- 

El 

B 

0Typ.;0.05 Max. 

High Level 

VOH 

- 

0 

B 

4.95 Min.; 5 Typ. 

- 

a 

Kl 

9.95 Min.; 10 Typ. 

Noise immunity: 

Inputs Low, 

vnl 

m 

- 

6 

1.6 Min.; 2.26 Typ. 

1 

9 

- 

B 

3 Min.; 4.5 Typ. 

Inputs High 

vnh 

m 

- 

B 

1.5 Min.; 2.26 Typ. 

• 

- 

■H 

3 Min.; 4.6 Typ. 

Noise Margin: 
inputs Low, 

vnml 

Eg 

_ 

5 

1 Min. 

1 

9 

- 

B 

1 Min. 

inputs High, 

vnmh 

m 

- 

B 

1 Min. 

Of 

Bi 


1 Min. 

Output Drive 
Current: 
n-Channel 
(Sink) 

IDN Min. 

Decoded 

Outputs 

m 

- 




PRl 

BBS! 


ESS 



mA 

m 

Bi 

■H 



En 


ET»'M 

ESI 



Carry 

Output 

ES 

Bi 

5 


mm 


hWA 


wm 

EEll 


B1 

Bi 

■3 

EEQi 

BH 

EEI 

EQI 



BB 

ram 

p-Channei 
(Source): 
ipP Min. 

Decoded 

Outputs 

EH 

Bi 

B 

BiEE3 






gtTTl.T 

FTiIPl 

EH 



1^9 

Em 

En 

ESI 

EEl 

gun 

Em 

BTi?l 

Carry 

Output 

EH 

BI 

5 



film 



mm 

Emi 


EH 

Bi 

■3 


igin 

EH 

BCTl 



Em 


Input Leakage 
(Current, 

•iL^ ‘iH 

m 

j 

± 10 -B Typ.. ±1 Max. 

pA 


t 

1 600 
1 

ft. 

^ 400 
( 

5 

1 zoo 

li 

AMBI 

TYPI 

ALL 

ENT TEH 
CAL TEH 
VALUES 

III 1 1 

PERA 

PER4 

OF Vc 

Si 

TUP 

TUP 

0‘ 

E ( 
E C 
0.3 

i 

fAl • 

OEFF 
*. /‘C 

ii 

J5*c i 

CIENT for; j 


■ ■■ft 

■ ■■■ 
■ ■■■ 

■ ■■■ft 
■■■■ft 

KS 

■■■ 

■ ■■ 
!■■ 
Iftft 

iii 

:::! 

■■■■ 

jggjj 

RISI 

illlllil 


:s:! 

■■■■ 

■■■■ 

■■■ft 

'■■■ft 

■ ■■■ft 

■ ■■■ft 

■ ■•■ft 

5?!:: 

■■■■ft 

■■■ 

■■■ 

■■■ 

■■■ 

■■■ 

■■■ 

::: 

!SS 

Bftft 

•■■ 

Iftft 

:: 

■i 

■ft 

■ft 

1 

■■■■ 

flii 

Iftftftft 


'■■■ft 

■■■ft 

■■■ft 

>■■■■ 

iftftftft 

■■■ft 

■■■ft 

■■■■1 

■ftftfti 

::::: 

::::: 

■■■■ft 

■■■■ft 

■■■■ft 

■ftiift 

■■■■ft 

■■■■ft 

■■■■ft 

■■■■ft 

III 

■■■ 

■■■ 

■■■ 

■■■ 

■■■ 

■■■ 

■■ft 

■■■ 

!» 

iftft 

Iftft 

■■■ 

Iftft 

!■■ 

Sftft 

Sift 

Iftft 

!■■ 

Iftft 

:: 

:: 

■■ 

■ft 

mm 

■ ft 

■ ft 

■ ft 

■ ft 
■ft 

KS! 

:::: 

■■■ 

■■■ 

■■■ 

■■■ 

■■■ 

■■■ 

■■■ 

■■■ 

I8SSS 

!■■■■ 

!■■■■ 

iiiiS 

!■■■§ 

iftftSft 

■■■■ 

SSSSSSSSSSSSH 

ss::88::ss:s8: 

■■■■■■■niftftftfta 

SSSSSSSQSSS!! 

ss::8s:::::ss: 


20 40 60 ao 


Fig. 4 - Typical propagation delay time vs. 
load capacitance for carry output. 
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CD4022A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T* - 25°C, Input t, , tf - 20 ns, 

Cl = 15pF, Rl- 200 k^2 


CHARACTERISTIC 


LIMITS 

UNITS 

TEST 

CONDITIONS 

D, F, K, H 
Packages 

£ 

Package 


Vdd 

(V> 


Typ. 

Max. 

Min. 

Typ. 

Max. 

CLOCKED OPERATION | 

Propagation Delay Time: 

*PHL ' tPLH 

Carry-Out Line 


5 

- 

325 

1000 

- 


BBS! 

ns 


10 

- 

125 


- 


Q]!| 

Decode Out Lines 


5 

- 

Iffll 


— 

400 

1600 

ns 


10 

- 

200 


— 

200 

800 

Transition Time: 
tTHLstTLH 

Carry-Out Line 


5 

- 

85 


- 

85 

iffil 



10 

- 

50 


— 

50 


Decode-Out Lines 


5 

- 

iSl 


— 

IcfBl 

BBiBI 



10 

- 

125 

250 

- 

125 

500 

Min. Clock 

Pulse Width, tyy 


5 

- 



- 


iSBl 



10 

- 

mm 

west 

_ 

85 

250 

Clock Rise and 

Fall Time, 
trCL s tfCL 


5 

- 

— 

11 

_ 

— 

15 

MS 


10 

- 

- 

11 

— 

_ 

11 

Min. Clock Inhibit 

Set-Up Time, 


5 


175 

tlM 


175 




10 


75 



wm 


Max. Clock Input 
Frequency, fcL* 


5 

n 


_ 






10 

n 

n 

- 

B 

5 

— 

Input Capacitance, C| 

Any Input 


5 

- 


5 

- 

PF 1 

1 RESET OPERATION | 

Propagation Delay Time: 

tPHLstPLH 

Carry-Out Line 


5 

- 

300 

900 

- 

300 

1200 

ns 


10 

- 

125 

250 


125 

500 

Decode-Out Line 


5 

- 

500 

1250 

_ 

500 

2500 

ns 


10 

- 

200 

400 

— 

200 

800 

Min. Reset Pulse 

Width, tyy 


5 

- 

150 

300 

- 

150 

600 

ns 


10 

- 

75 

150 


75 

300 

Min. Reset 

Removal Time 


5 

— 

300 

752 

_ 

300 

1000 

ns 



- 

100 

225 

- 

100 

275 


* Measured with respect to carry output line 



Fig. 6 — Typical transition time vs. load 
capacitance for carry output. 



Fig. 7 — Typical dock input frequency vs. 
supply voltage. 



Fig. 8 — Typical dissipation characteristics. 


VOD 





Fig. 9 — Quiescent-device -current test circuit. Fig. 10 — Noise-immunity test circuit. 


Fig. 11 — Input-leakage-current test circuit 
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CD4024A Types 


CMOS 7-Stage Binary Counter 

With Buffered Reset 


The RCA-CD4024A consists of an INPUT 
PULSE shaping circuit, RESET line driver - 

circuitry, and seven binary counter stages. °nput^ ^ ^ 
The counter is reset to "zero" by a high level I 

on the RESET input. Each counter stage is a ^ * P 

static master-slave flip-flop. The counter 
state Is advanced one count on the negative- 
going transition of each INPUT PULSE. 

These types are supplied in 14-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 14-lead dual-in-line plastic pack- 
age (E suffix), 12-lead hermetic TO-5-style 
package (T suffix) 14-lead ceramic flat pack- 
ages (K suffix), and in chip form (H suffix). 

■X ^ 

Applications: o — ~ f/f 

INPUT _ 

PULSES I R R 

■ Frequency-dividing circuits | | 

■ Time-delay circuits 3 ^ 

■ Counter control 

■ D/A counter and switch on one chip 

*all inputs are 

PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 



*ALL INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 



12 0, 




• Ox 


e 


. ‘ 


— — — Qs , 

-l_Qe ' 


-2—07 




Fig, 1 — Functional diagram for C04024AD, 
AE, AF, 


Q| _ _ 02 - - Q3 - - Q4 - - 

05- 

- 06- 

07 

F/F-l F/F-2 F/F-3 F/F-4 

F/F-5 

F/F-6 

F/F- 7 

i R T R R^2 R^S rQ4 

rQs"* 

^ rQb-^ 

rQ7- 


TERMINAL No. 2 TO VoD 
TERMINAL No. 12 TO VSS 

92CS-I9075R1 

Fig. 2 — Functional diagram 
for CD4024A T. 



MAXIMUM RATINGS. Absolute-Maximum Values: \ 

STORAGE-TEMPERATURE RANGE (Tstg) -65 to +150 °C 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES (D, F. K, T, H) -55 to +125^C 

PACKAGE TYPE E -40 to +85®C 

DC SUPPLY-VOLTAGE RANGE, (Voq) 

(Voltages referenced to Vss Terminal); —0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (Pq) 

FOR TA=-40to+60°C (PACKAGETYPE E) 500 mW 

FOR Ta= +60 to +85°C (PACKAGE TYPE El Derate Linearly at 12 mW/°C to 200 mW 

FOR T^ = -55 to +100°C (PACKAGE TYPES D, F, k,T) 500 mW 

FOR T^ = +100 to +125®C (PACKAGE TYPES D, F, K ,T) . . . .Derate, Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta= full package-temperature range (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to VqD +0-5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ±1/32 inch (1 .59 ±0.79 mm) from case for 10 s max +265 C 


RECOMMENDED OPERATING CONDITIONS at T^ = 25 C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges. 


Features: 

D Medium-speed operation .... 

. . 7-MHz (typ.) input pulse rate at 
Vdd-Vss = iov 

B Low high-and-low level output impedance 
. . 70012 and 50012 (typ.), respectively at 
Vdd-*Vss = iov 

B Fully static operation 

o Common reset 

B Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 /iA 
at 15 V (full package-temperature range) 

■ 1-V noise margin (full package-temper- 
ature range) 


CHARACTERISTIC 

Supply-Voltage Range (For Ta = Full 
Package-Temperature Range) 

Clock Pulse Width, ty\/ 

Clock Input Frequency, fQL 
Clock Rise or Fall Time, t^CL, tfCL 
Reset Pulse Width, La, 


i 

LIMITS 

1 

D, F, K, T, H 
Packages 

E 

Package 

Min. 

Max. 

Min. 

Max. 

3 

12 

3 

12 

330 

— 

500 

_ 

125 

- 

165 

- 

dc 

1.5 

dc 

1 

dc 

4 

dc 

3 

15 

- 

15 

- 

15 

- 

15 

- 

500 

- 

600 

- 

300 

- 

350 

- 


DRAIN-TO- SOURCE VOLTS (Vqj) 


Fig. 3 — Typical output n -channel drain 
characteristics. 
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CD4024A Types 


STATIC ELECTRICAL CHARACTERISTICS 


ONAIN- TO -SOURCE VOLTS (Vq,! 


Characteristic 


Limits at Indicated Tamparaturas ( C) 


D, F, K, T, H Packages I £ PackBgo 





Output Voltage: 
Low-Level, 
VOL 


High Level, 
VOH 


Noise immunity: 
inputs Low, 

vnl 


inputs High, 

vnh 


Noise Margin: 
inputs Low, 

vnml 


inputs High, 

vnmh 


Output Drive 
Current: 
n-Channei 
(Sink), 
ipN Min. 


p-Channel 
(Source) 
ipP Min. 


input Leakage 
Current, 

•iL. UH 


0Typ.;0.05 Max. 


4.95 Min.; 5 Typ. 


9.95 Min.; 10 Typ. 


1.5 Min.; 2.25 Typ. 


3 Min.; 4.5 Typ. 


1.5 Min.; 2.25 Typ. 


3 Min.; 4.5 Typ. 


Fig. 4 — Typical output p-channel drain 
charactaristics. 




« ■ HIGH DOMINATES (RESETS ALL STAGES) t 

ACTION OCCURS ON NEGATIVE GOING TRANSITION OF INPUT PULSE ^ 


EQUATIONS FOR STAGES 2 TO 7 

020UT = (OjKOiwiKA) OjouT ■ (6sX0|)(0jX03)(O4K»)(R) 

“soot • (6jX0iX 02X*)((I) 0«UT • (fl^KOiXOjXOsXOjXOsxixS) 

O 4 OUT • (54XO|)«>2X03xi)(RI O 7 OOT • (62XO|X02X03X04X05X04xix«) 

Fig. 7 — Logic block diagram (pulse shaper 
and 1 binary stage). 







iBBaaaaBBBBBaaBB 

mmmmmmmmmmmmmmm 

jBaaaaBBBBBBBBaa 

laBaBBBBaaaBBaaa 


arnaaBBaaBBaaBaB 

•yJaaaaaBBaaaaaa 

anBaBaBaaaaaaaB 


Fig. 5 — Minimum output n-channe! drain 
characteristics. 



Fig. 6 — Minimum output p~channel drain 
charactaristics. 


AMMCNT TEMPERATURE (Ta)« 2S*C Z 
TYPICAL TEMPERATURE COEFFICIENT - 
FOR ALL VALUES OF Voo>0.3%/*C Z 


Fig. 8 — Typical propagation delay time vs. Ci. 
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CD4024A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T^ = 25®C, Input t,, tf = 20 ni. 


CL = 15pF,RL=*200kfi 





LIMITS 



TEST 

D, 

F. K, T. H 


B 



CHARACTERISTIC 

CONDITIONS 

Packages 

Package 

UNITS 



Vdd 

(V) 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 


1 0 INPUT OPERATION | 

Propagation Delay Time;** 


5 

- 

IQI 


- 

my 



tPLH'^PHL 


10 

- 

n 


- 

n 





5 

- 



- 

175 

250 

ns 

BBImrffllBBli 


mm 

- 

mm 

1 ^ 

— 

80 

150 

Maximum Pulse Input 


5 

Km 


- 

1 


- 

MHz 

Frequency, 


mm 

mm 

7 

- 

3 

7 

- 

Minimum Input Pulse 


5 

- 



- 


500 

ns 

Width, ty^ 


mm 

- 

140 

125 

- 

140 

165 

Input Pulse Rise & 


5 

H 

a 

15 

H 

B 

15 

(JS 

Fall Time,tr 0 .tf 0 


10 

H 

H 

10 

B 

B 

10 

Average Input 
Capacitance, C| 

Any Input 

- 

5 

- 

- 

5 

- 

PF 

1 RESET OPERATION | 

Propagation Delay Time; 

5 

- 

500 

700 

- 

500 

800 

ns 

TpLH'TpHL 

10 


250 

350 

- 

250 

400 

Minimum Reset Pulse 

5 

- 

375 

500 

- 

375 

600 

ns 

Width; tyy 

10 

- 

200 

300 

- 

200 

350 


* Propagation delay time is from input pulse to output. 


'^oo 



Fig. 12 — Quiescent-device-current test 
circuit 


INPUTS 



''00 


~I NOTE. 

Vc« TEST ANY COMSINATION 


92CS-2T44I 


Fig. 13 — Noise-immunity test circuit. 




Fig. 10— Typical dissipation characteristics. 
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Fig. 11 — Typical input pulse frequency vs. Vqq. 



NOTE 

MEASURE INPUTS 
SEOUENTIACCY. 

TO BOTH Vqq and Vss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
VoD OR Vss 


Fig. 14— Input-leakage-current test circuit. 
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CD4026A, CD4033A Types 


CMOS Decade Counters/Dividers 

With Decoded 7-Segment Display Outputs and: 

Display Enable — CD4026A 
Ripple Blanking — CD4033A 


The RCA-CD4026A and CD4033A each 
consist of a 5-stage Johnson decade counter 
and an output decoder which converts 
the Johnson code to a 7-segment decoded 
output for driving each stage in a numerical 
display. 

These devices are particularly advantageous 
in display applications where low power 
dissipation and/or low package count are 
Important. 

Inputs common to both types are CLOCK, 
RESET, & CLOCK INHIBIT; common 
outputs are CARRY OUT and the seven 
decoded outputs (a, b, c, d, e, f, g). Addi- 
tional inputs and outputs for the CD4026A 
Include DISPLAY ENABLE input and 
DISPLAY ENABLE and UNGATED "C- 
SEGMENT" outputs. Signals peculiar to the 
CD4033 are RIPPLE-BLANKING INPUT 
and LAMP TEST INPUT and a RIPPLE- 
BLANKING OUTPUT. 

A high RESET signal clears the decade 
counter to its zero count. The counter is 
advanced one count at the positive clock 
signal transistlon if the CLOCK INHIBIT 
signal is low. Counter advancement via the 
clock line is inhibited when the CLOCK IN- 
HIBIT signal Is high. The CLOCK INHIBIT 
signal can be used as a negative-edge clock 
if the clock line is held high. Antilock gating 
Is provided on the Johnson counter, thus 
assuring proper counting sequence. The CAR- 
RY-OUT (Cout) signal completes one cycle 
every ten CLOCK INPUT cycles and is used 
to clock the succeeding decade* directly in a 
multi-decade counting chain. 

The seven decoded outputs (a, b, c, d, e, f, g) 
illuminate the proper segments in a seven 
segment display device used for representing 
the decimal numbers 0 to 9. The 7-segment 
outputs go high on selection in the 
CD4033A; In the CD4026A theses outputs 
go high only when the DISPLAY ENABLE 
IN is high. 


multi-digit decimal number which results In 
an easily readable display consistent with 
normal writing practice. For example, the 
number 0050.07000 in an eight digit display 
would be displayed as 50.07. Zero suppres- 
sion on the integer side Is obtained by con- 
necting the RBI terminal of the CD4033A 
associated with the most significant digit in 
the display to a low-level voltage and con- 
necting the RBO terminal of that stage to 
the RBI terminal of the CD4033A in the 
next-lower significant position In the dis- 
play. This procedure is continued for each 
succeeding CD4033A on the integer side of 
the display. 

On the fraction side of the display the RBI 
of the CD4033A associated with the least 
significant bit is connected to a low level 
voltage and the RBO of that CD4033A is 
connected to the RBI terminal of the 
CD4033A in the next more-significant-bit 
position. Again, this procedure is continued 
for all CD4033A's on the fraction side of the 
display. 

In a purely fractional number the zero 
immediately preceding the decimal point can 
be displayed by connecting the RBI of that 
stage to a high level voltage (Instead of to the 
RBO of the next more-significant-stage). 
For Example: optional zero “►0.7346. 
Likewise, the zero in a number such as 763.0 
can be displayed by connecting the RBI of 
the CD4033A associated with it to a high- 
level voltage. 

Ripple blanking of non-significant zeros 
provides an appreciable savings in display 
power. 

The CD4033A has a LAMP TEST input 
which, when connected to a high-level volt- 
age, overrides normal decoder operation and 
enables a check to be made on possible 
display malfunctions by putting the seven 
outputs in the high state. 


Vqd 




CD4033A 

FUNCTIONAL DIAGRAMS 
Features: 

" Counter and 7-segment decoding in one package 

■ Easily interfaced with 7-segment display types 

■ Fully static counter operation: DC to 2.5 MHz 
(typ.) 

■ Ideal for low-power displays 

■ Display Enable Output (CD4026A) 

■ "Ripple Blanking" and Lamp Test (CD4033A) 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 

1 juA at 15 V (full package-temperature 
range) 

■ 1-V noise margin (full package-temper- 
ature range) 

Applications: 

■ Decade counting/7-segment decimal 
display 

■ Frequency division/7-segment decimal 
displays 

■ Clock/watches/timers 

(e.g. -r 60,*r 60, -f 12 counter/display) 

■ Counter/display driver for meter 
applications 

These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 1 6-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


CD4026A 

When the DISPLAY ENABLE IN is low the 
seven decoded outputs are forced low re- 
gardless of the state of the counter. Acti- 
vation of the display only when required 
results in significant power savings. This 
system also facilitates implementation of 
display-character multiplexing. 

The CARRY OUT and UNGATED"C-SEG- 
MENT" signals are not gated by the DIS- 
PLAY ENABLE and therefore are available 
continuously. This feature is a requirement 
in implementation of certain divider func- 
tions such as divide-by-60 and divide-by-12. 

CD4033A 

The CD4033A has provisions for automatic 
blanking of the non-significant zeros in a 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (Tstg) -65 to +150°C 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAG E TYPES D, F, K, H -55 to + 1 25°C 

PACKAGE TYPE E -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (Vdd) 

(Voltages referenced to Vss Terminal): —0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (Pp) 

FOR Ta= -40 to +60°C (PACKAGE TYPE E ) 500 mW 

FOR Ta= +60 to +85®C (PACKAGE TYPE E ) Derate Linearly at 12 mW/°C to 200 mW 

For Ta = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

For Ta = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta= full PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0-5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 :tl/32 inch (1.59 ±0.79 mm) from case for 10 s max +265°C 
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CD4026A, CD4033A Types 


1 

CLOCK i-J 
* CLOCK 
INHIBIT 2 

* resetH 

^DISPLAY 3 
ENABLE O- 
IN 16 
VddO^ 



ALL INPUTS ARE PROTECTED BY 
COS/MOS PROTECTION NETWORK 


(CLOCK ^ 10) 


14 UNGATED "C" 
SEGMENT 


JNio DISPLAY 

~ ENABLE 

r II 

|— SEGMENT 
-g- DESIGNATIONS 


CLOCK 
INHIBIT 
DISPLAY 
ENABLE IN 
DISPLAY 
ENABLE OUT 



Fig. 2 — CD4026A timing diagram. 
‘^LocKjTjTjxriTLnjiJTJTJTnjTJTrLixr^^ 

RESET I 

CLOCK INHIBIT r-. 


Fig. 1 - CD4026A logic diagram. 


SEGMENT f|gib 
DESIGNATIONS eQlc 

-[>H> -I ^^OUT 

^ (CLOCK -fW) 


* 1 
CLOCKo- 

-)^CLOCK ^ 
INHIBIT 2 
15 

PRESET o- 
3 

^RBlo- 

V 16 

'^DDO 

GNDO 




■tr~Q 

-imi}- 


^ALL INPUTS ARE PROTECTED 
BY COS/MOS PROTECTION 
NETWORK. 


Fig. 3 — CD4033A logic diagram. 





ONAIN-TO-SOUME VOLTSIVoo-VbMl 



Fig. 6 — Minimum and typical output p-channei 
decoded drain characteristics 9 
& 15 V. 


Fig. 7— Typical output p-channei decoded 
drain characteristics as a function 
of temperature. 


D 1 23 aV'u'T'B'’ 3B g' 'ilg 

Fig. 4 — CD4033A timing diagram. * 

DRAIN -TO-SOURCE VOLTS (Vdd-Yqh) 


- SUPPLY VOLTS (Vpo) • S 


Fig. 5 — Minimum and typical output p-channei 
decoded drain characteristics & Vq[)**3.5 
&5V. 


0I0 20 30 40 S060 70 80 90> 

LOAD CAPACITANCE ICJ — pP 

92CS-I90t6 

Fig. 8 — Typical propagation delay time vs. 

Ct_ for decoded outputs. 
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CD4026A, CD4033A Types 


RECOMMENDED OPERATING CONDITIONS at Ta - 2S°C, Except at Noted. 
For maximum raHability, nominal operating eondidont should be tdactad so that 
operation it aiwayt within the foliowing ranges: 


AMBIENT TEMPERATURE I Ta)« 25»C 
TYPICAL TEMPERATURE FOR ALL 
60o| VALUES OF Ypp • 0.3%/»C 


CHARACTERISTIC 


£ 

Package 


Supply- Voltage Range (For Ta* Full 
Package-Temperature Range) 




BBBBI 

BBBB 

BBBB 

BBBB 

BiiiaBBBa 


ssa?-::: 


iBSiSS-- 

ssss: 

■■■■a 

aaBBB 

BBBBB 

BBBBB 

BBBBB 

BBBBBI 

BBBBBI 

BBBBBI 


BB BBB 
BB BBB 

BB BBB 
BB BBB 
BBBBBB 




Clock Inhibit 

Setup Time, t 3 

5 

10 

500 

200 

__ 

700 

300 

- 

ns 

Clock Pulse Width, tyy 

5 

10 

330 

170 


500 

250 

_ 

ns 

Clock Input Frequency, f^L 

5 

10 

dc 

dc 

1.5 

3 

dc 

dc 

1 

2 

MHz 

Clock Rise or Fall Time, t^CL, tfCL 

5 

10 

— 

15 

15 

- 

15 

15 

/IS 

Reset Pulse Width, ty\/ 

5 

10 

330 

165 

_ 

550 

250 

- 

ns 

Reset Removal Time 

5 

10 

750 

225 

- 

1000 

275 

- 

ns 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 


Limits at Indicated Temperatures (°C) 

D, F, K,H Packages ^ I £ Packagk 


Quiescent Device 
Current II Max. 


Output Voltage: 
Low-Level, 

VQL 

High Level, 

VQH 

Noise Immunity: 
Inputs Low, 

vnl 

Inputs High, 

Vnh 


1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 

1.5 Min ; 2.25 Typ. 
3 Min.; 4.5 Typ. 


LOAD CAPACITANCE (Cl)— pF 


Fig. 9 — Typical propagation delay time vs. 
C/, for carry outputs. 


AMBIENT TEMPERATURE <Ta)* 29*C f 

TYPICAL TEMPERATURE COEFFICIENT FOR F 
gISOO all values of Vo|j* 0.3%/*C t 


10 20 SO 40 50 60 70 80 

LOAD CAPACITANCE (ClI-PF 


Vo 

V|N 

Vdd 


+26 

+25 


(V) 

(V) 

(V) 


Typ. Limit 

TldCD — ^ ... 

Typ. Limit 

■TOO 

- 

- 

5 

5 

0.3 5 

300 50 0.5 50 

700 

- 

- 

10 

10 

0.5 10 

600 100 1 100 

1400 

- 

- 

15 

50 

1 50 

2000 500 5 500 

5000 

- 

5 

5 

0 Typ.; 0.05 Max. 

- 

10 

10 

0 Typ.; 0.05 Max. 

- 

0 

5 

4.95 Min.; 5 Typ. 


0 

10 

9.95 Min.; 10 Typ. 


Fig. 10 — Typical transition time vs. Ci_ for 
decoded outputs. 


Noise Margin: 

Inniit^ 1 nw 


4.5 

- 

5 

1 Min. 

VnML 


9 

- 

10 

1 Min. 

Inputs High, 


0.5 

- 

5 

1 Min. 

vnmh 


1 

- 

10 

1 Min. 

Output Drive 

Decoded 

0.5 

- 

5 

0.15 

0.24 

0.12 

0.09 

0.08 

0.24 

0.06 

0.05 

Current 

Outputs 

0.5 

- 

10 

0.32 

0.5 

0.25 

0.18 

0.15 

0.5 

0.12 

0.1 

n-Channel 

(Sink), 

Carry 

0.5 

- 

5 

0.12 

0.4 

0.15 

0.1 

0.095 

0.4 

0.08 

0.06 

IqN Min. 

Output 

0.5 

- 

10 

0.45 

1 

0.35 

0.25 

0.3 

1 

0.25 

0.2 

p-Channel 

Decoded 

4.5 

- 

5 

-0.21 

-0.28 

-0.14 

-0.1 

-0.09 

-0.28 

-0.07 

-0.06 

(Source), 

Outputs 

9.5 

- 

10 

-0.45 

-0.6 

-0.3 

-0.22 

-0.2 

-0.6 

-0.15 

-0.13 

IdP 

Carry 

4.5 

- 

5 

-0.12 

-0.4 

-0.15 

-0.1 

-0.095 

-0.4 

-0.08 

-0.06 

Min. 

Output 

9.5 

- 

10 

-0.45 

-1 

-0.35 

-0.25 

-0.3 

-1 

-0.24 

-0.2 

Input Leakage 

Current, 

1 I 

Any Input 
- 1 - 1 15 

±10 ®Typ., ±1 Max. 


I|L.I|H 
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CD4026A, CD4033A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T^ =* 25°C. Input t, , tf > 20 lu, C,^ = 15 pF, 

Rl - 200 kfl 


CHARACTERISTIC 

TEST 

CONDITIONS 

LIMITS 

UNITS 

D, F, K H 
Packages 

£ 

Package 



Min. 

Typ. 

Max. 



Max. 

CLOCKED OPERATION | 


Propagation Delay Time; 
tPLHttpHL 

Carry Out Line 


5 

- 



- 



ns 

10 

- 



B 



Decode Out Lines 


5 

— 

BBl 


_ 


EBBl 

ns 

10 

- 



- 

250 

700 



5 

- 



- 

HQ 

Qm 



- 


^1 

- 


IQI 

Decode Out Lines 


5 



300 

900 

_ 


B3B1 


10 

- 


^^1 

- 


BBBB 

Maximum Clock Input 
Frequency, fQL^ 


5 

1.5 

2.5 

- 

1 

m 

- 

MHz 


3 

5 

- 

2 

5 

- 


5 

- 



- 



ns 


- 

ifBl 

la 

- 

ftBI 




5 

10 

B 

B 

B 

B 

B 

15 

15 

/is 

Min. Clock Inhibit Set 

Up Time, ts 


5 

- 


EBB 

— 

175 

700 

ns 

mm 

- 



_ 

Mm 

EBB 

Average Input 
Capacitance, C| 

Any Input 

- 

5 

- 

- 

5 

- 

pF 

I RESET OPERATION | 

Propagation Delay Time: 
tPLHrtpHL 

To Carry Out Line 


5 

- 


1000 

- 

Q| 


ns 

10 

- 

125 

IQQI 

- 

E9 

HQ 

To Decode Out Lines 


5 

- 



- 

EBl 


1^1 

mm 

- 

240 

500 

- 

240 

600 



5 

- 

200 

330 

- 

200 

500 

m 

10 

- 

100 

165 

— 

100 

250 

Min. Reset Removal 

Time 


5 

- 

jtTTtl 

^1 

- 


■Iililii 

B 

10 

- 

100 

225 

- 

100 

275 


^ Measured with respect to carry out line. 



Fig. 11 — Typical transition time vs. Ci_ for 


carry output. 



Fig. 12 - Maximum input dock frequency vs. 






»2cs-i7e29n 


Fig. 13 — Typical dissipation characteristics. 


voo 





NOTE: 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH VqqANOV^ 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vdo«<Vss 


92CS‘2T402 


Fig. 16 — Input-leakage-current test circuit. 
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CD4027A Types 

CMOS Dual J-K Master-Slave Flip-Flop 


The RCA-CD4027A is a single monolithic 
chip integrated circuit containing two iden- 
tical complementary-symmetry J-K master- 
slave flip-flops. Each flip-flop has provisions 
for individual J, K, Set, Reset, and Clock in- 
put signals. Buffered Q and Q signals are 
provided as outputs. This input-output ar- 
rangement provides for compatible opera- 
tion with the RCA-CD4013A dual D-type 
flip-flop. 


The CD4027A is useful In performing con- 
trol, register, and toggle functions. Logic 
levels present at the J and K inputs along 
with internal self-steering control the state 
of each flip-flop; changes In the flip-flop 
state are synchronous with the positive-going 
transition of the clock pulse. Set and reset 
functions are Independent of the clock and 
are Initiated when a high level signal is pres- 
ent at either the Set or Reset Input. 


MAXIMUM BkimQS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (Tg^g) -65 to -H50°C 

OPERATING-TEMPERATURE RANGE (T;^): 

PACKAGE TYPES D, F, K, H -55 to +125“ C 

PACKAGE TYPE E -40to+85°C 

DC SUPPLY -VOLTAGE RANGE. (Vdq) 

(Voltages referenced to Vgg Terminal); ' -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (Pq): 

FOR T^ = -40 to +60°C (PACKAGE TYPE E ) 500 mW 

FOR = +60 to +85° C (PACKAGE TYPE E ) Derate Linearly at 12 mW/°C to 200 mW 

For = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

For = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FORT^ = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to Vqq +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 


RECOMMENDED OPERATING CONDITIONS af Except as Noted. 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within die following ranges. 


CHARACTERISTIC 

^DD 

(V) 

LIMITS 

UNITS 

D, F, K, H 
PACKAGES 

E 

PACKAGE 

MIN. 

MAX. 

MIN. 

MAX. 

Supply-Voltage Range (For T^^ = Full 


3 

t2 

3 

12 

V 

Package-Temperature Range) 








5 

150 


200 



Data Setup Time, tg 

10 

50 

- 

75 

- 

ns 


5 

330 


500 



Clock Pulse Width, t^ 

10 

110 

- 

165 

- 

ns 

Clock Input Frequency (Toggle 

5 

dc 

1.5 

dc 

1 

MHz 

Mode) fQ|_ 

10 


4.5 


3 



5 


15 


15 


Clock Rise or Fall Time, tj.CL,* t^CL 

10 

- 

5 

- 

5 

ps 


5 

200 


300 



Set or Reset Pulse Width, t^ 

10 

80 

- 

120 

- 

ns 


*lf more than one unit is cascaded in a parallel clocked operation, tCL should be made less than or equal to 
the sum of the fixed propagation delay time at 1 5 pF and the transition time of the output driving stage 
for the estimated capacitive load. 



CD4027A 

FUNCTIONAL DIAGRAM 


These types are supplied in 1 6-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


Features: 

■ Set-Reset capability 

■ Static flip-flop operation-retains state 

indefinitely with clock level either 
"high" or "low" 

■ Medium-speed operation-10 MHz (typ.) 

clock toggle rate at 10V 

■ Quiescent current specified to 1 5 V 

■ Maximum input leakage of 1 juA at 15 V 

(full package-temperature range) 

■ 1-V noise margin (full package-tempera- 

ture range) 

Applications 

■ Registers, counters, control circuits 



Fig. 1 — Typical n-channel drain characteristics. 
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CD4027A Types 


STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES Cc) 
CONDITIONS D, F, K, H PACKAGES E PACKAGE 

CHARACTERISTICS “ — | 1- “I — — I 1 I 


Quiescent Device 
Current, Max. 

Output Voltage: 
Low Level, 

^^OL 

High Level 
^OH 

Noise Immunity: 
Inputs Low, 

^^NL 

Inputs High 

Vnh 

Noise Margin: 

Inputs Low, 

^NML 

Inputs High, 
^NMH 
Output Drive 
Current: 

N Channel 
(Sink), 

IniN Min. 


Vq 

''in 

''dd 

+25 +25 

(V) 

(V) 

(V) 

-55 +125 -40 +85 

TYP. LIMIT TYP. LIMIT 



5 

1 0.005 1 60 10 0.01 10 140 



10 

2 0.005 2 120 20 0.05 20 280 



15 

25 0.5 25 1000 250 2.5 250 2500 

- 

0.5 

5 

0 Typ.; 0.05 Max 

- 

0.10 

10 

0 Typ.; 0.05 Max 

_ 

0.5 

5 

5 Typ.; 4.95 Min. 

- 

0.10 

10 

10 Typ.; 9.95 Min. 

4.2 

_ 

5 

2.25 Typ.; 1.5 Min. 

9 


10 

4.5 Typ.; 3 Min. 

0.8 

_ 

5 

2.25 Typ.; 1.5 Min. 

1 

- 

10 

4.5 Typ.; 3 Min. 

4.5 

- 

5 

1 Min. 

9 

- 

10 

1 Min. 

0.5 

- 

5 

1 Min. 

1 

- 

10 

1 Min. 


0.5 0.35 0.35 
1 0.75 0.72 


0,3 0.24 

0.6 0.5 



HgATE - to - SOURCE VOLTS (Vg,) • - 15 h 


I AMBIENT TEMPERATURE (T|^) • 25*C t 

TYPICAL TEMPERATURE COEFFICIENT FOR lo'-O.S % / ‘C [ 


Fig. 3 — Typical p-channel drain 
characteristics. 


AMBIENT TEMPERATURE (T*) ■ 25*C tl 

[typical TEMPERATURE COEFFICIENT FOR Io-0.3%/»cR 


0- SOURCE VOLTS (VQ3I • ISffff 



} 2.5 5 r.5 10 12.5 IS 

DRAIN - TO — SOURCE VOLTS (Vogl 

92CS-I7 

Fig. 4 — Minimum n-channe! drain 
characteristics. 
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CD4027A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 

at T^ = 25'C, Input tf = 20 ns, = 15 pF, Ri^ = 200 kil 






LIMITS 




CHARACTERISTIC 

^DD 

(V) 

D, F, K, H 
PACKAGES 

E 

PACKAGE 


UNITS 


MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 


Propagation Delay 









Time: Clock to Q 

5 

_ 

200 

400 

_ 

150 

400 


or Q Outputs 

10 


100 

200 


75 

150 

ns 

tPHL, tPLH 






Set to Q or Reset to 

5 

- 

175 

225 

- 

175 

350 


^PLH 

10 

- 

75 

110 

- 

75 

150 

ns 

Set to Q or Reset to Q, 

5 

- 

175 

225 

- 

175 

350 


Vhl 

10 

- 

75 

110 

- 

75 

150 

ns 

Transition Time 

5 

- 

75 

125 

- 

75 

250 


tTHL, tTLH 

10 

- 

50 

70 

- 

50 

140 

ns 

Maximum Clock Input 

5 

1.5 

3 

- 

1 

3 

- 

MHz 

Frequency (Toggle 

10 

4.5 

8 

- 

3 

8 

- 

Mode)fQL 









Minimum Clock Pulse 

5 

- 

165 

330 

- 

165 

500 


Width /tyy 

10 

- 

65 

110 

- 

65 

165 

ns 

Minimum Set or 

5 

- 

125 

200 

- 

125 

300 


Reset Pulse Width, 

10 

_ 

50 

80 

_ 

50 

120 

ns 

tyy 









Minimum Data Setup 

5 

- 

70 

150 

- 

70 

200 


Time, tg 

10 

- 

25 

50 

- 

25 

75 

ns 

Clock Rise or Fall 

5 

- 

- 

15 

- 

- 

15 


Time, ^fCL 

10 

- 

- 

5 

- 

- 

5 

us 

Average Input 

Capacitance, C| 

Any 

Input 

- 

5 

- 

- 

5 

- 

pF 





NOTE 

TEST ANY ONE INPUT, Vss 
WITH OTHER INPUTS AT 
VOO OR Vss 


Fig. 10 - Noise immunity test circuit. 
''oo 


INPUTS 

Vdo 

Mi>* - 

Vss 

Vss 

Fig. / 7 - Input leakage current test circuit. 


NOTE 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH Voo AND Vss 

connect all unused 

INPUTS TO EITHER 
vdo^^ss 


''do 



Fig. 12 - Quiescent device current test circuit. 



Fig. 7 — Typical transition time vs. Ci_. 



Fig.8 — Typical maximum clock input frequency 
vs. supply voltage. 



Fig.9 — Typical dissipation characteristics. 



Fig. 13— Dynamic power dissipation test 
circuit. 
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CD4028A Types 


CMOS 

BCD-to-Decimal Decoder 


The RCA-CD4028A types are BCD-to- 
decimal or binary-to-octal decoders consist- 
ing of pulse-shaping circuits on all 4 inputs, 
decoding-logic gates, and 10 output buffers. 
A BCD code applied to the four inputs, A to 
D, results in a high level at the selected one 
of 10 decimal decoded outputs. Similarly, a 
3-bit binary code applied to inputs A 
through C is decoded in octal code at output 
0 to 7. A high-level signal at the D input 
inhibits octal decoding and causes outputs 


0 through 7 to go low. If unused, the D 
input must be connected to Vss- High drive 
capability is provided at all outputs to en- 
hance dc and dynamic performance in high 
fan-out applications. 

These types are supplied in 1 6-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age ( E suffix), 1 6-lead ceramic flat package 
(K suffix), and in chip form (H suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 


J-BIT 
BINARY I 
INPUTS f 


INPUTS I 


voo 


IBj 



VSS 


f— BUFPEREO 

'1 octal 

OECOOEO 
OUTPUTS 
1 1 OF 81 


BUFFERED 
DECIMAL 
OECOOEO 
OUTPUTS 
1 I OF lOI 


CD4028A 

FUNCTIONAL DIAGRAM 


STORAGE-TEMPERATURE RANGE (Tstg) -€5to+150°C 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K. H -65to+125“C 

PACKAGE TYPE E -40 to +85“ C 

DC SUPPLY-VOLTAGE RANGE, (Vdd) 

(Voltages references to Vss Terminal) -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (Pd): 

FOR Ta = -40 to +60°C (PACKAGE TYPE E ) 500 mW 

FOR Ta = +60 to +85°C (PACKAGE TYPE E ) Derate Linearly at 12 mW/“C to 200 mW 

For T^ = -55 to +100°C (PACKAGE TYPES D, F, K) ! 500 mW 

For T^ = +100 to +125°C (PACKAGE TYPES D, F, K) . . . . Derate Linearly at 12 mW/‘’C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS • -0.5 to Vqd +0-5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265“C 


Features: 


B BCD-to-decimal decoding or binary-to-octal 
decoding 

■ High decoded output drive capability. . . 

... 8 mA (typ.) sink or source 

■ "Positive logic" inputs and outputs. . . 

. . . decoded outputs go high on selection 
B Medium-speed operation . . . 

• • • tTHL/ fTLH = 30 ns (typ.) (a> Vdd = 10 V 



B Quiescent current specified to 15 V 
B Maximum input leakage current of 1 iiA 
at 15 V (full package-temperature range) 
B 1-V noise margin (full package-temper- 
ature range) 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 





LIMITS 



CHARACTERISTIC 

Vdd 

D, F, K, H 

E 

UNITS 


(V) 

PACKAGES 

PACKAGE 




MIN. 

MAX. 

MIN. 

MAX. 


Supply-Voltage Range (ForTA=Full 
Package-Temperature Range) 


3 

12 

3 

12 

V 


Applications: 

B Code conversion 

B Address decoding— memory selection 
control 

B Indicator-tube decoder 



Fig. 1 — Typical output n-channel drain 
characteristics. 


DBAIN-TO-SOUBCE VOLTS (Vos) 



Fig. 2 — Typical output p-channei drain 
characteristics. 



Fig. 3 — Typical propagation delay time 
vs. Ci_. 
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CD4028A Types 



STATIC ELECTRICAL CHARACTERISTICS 


CHARACTERISTIC 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (“O 

UNITS 

D, F, K, H PACKAGES E PACKAGE 

Vo 

(V) 

V|N 

(V) 

— 

vdd 

(V) 

-55 

+25 


-40 

+25 


TYP. 

LIMIT 

♦■125 

TYP. 

LIMIT 


Quiescent Device 

Current, II 

- 

- 

5 

5 

0.5 

5 



D 



H 

- 

- 

o 

El 

1 

■1 


100 

o 

BS 


- 

- 

O 


1 






El 



Output Voltage: 
Low-Level, 

VOL 

- 

5 

5 

0Typ.;0.O5 Max. 

1 

- 

la 

11 

0 Typ.;0.05 Max. 

High Level 

VOH 

- 

0 

5 

4.95 Min.; 5 Typ. 

- 

0 

10 

9.95 Min.; 10 Typ. 

Noise Immunity: 

Inputs Low, 

vnl 

4.2 

_ 

5 

1.5 Min.; 2.25 Typ. 

V 

9 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High 

vnh 

0.8 

- 

5 

1.5 Min.; 2.25 Typ. 

1 

- 

10 

3 Min.; 4.5 Typ. 

Noise Margin: 

Inputs Low, 

Vnml 

4.5 

- 

5 

1 Min. 

V 

9 

- 

10 

1 Min. 

Inputs High, 

vnmh 

0.5 

- 

5 

1 Min. 

1 

- 

10 

1 Min. 

Output Drive 

Current 

N -Channel 
(Sink), 

IdN Min. 

0.5 


5 

0.75 

1.2 

0.6 

0.45 

0.35 

1.2 

0.3 

0.25 

mA 

0.5 

- 

10 

1.5 

2.4 

1.2 

0.9 

0.7 

2.4 

0.6 

0.5 

P-Channel 

(Source), 

IqP Min. 

4.5 

- 

5 

-0.7 

-0.9 

-0.45 

-0.32 

-0.32 

-0.9 

-0.22 

-0.18 

9 

- 

10 

-1.4 

-1.9 

-0.95 

-0.65 

-0.65 

-1.9 

-0.48 

-0.4 

Input Leakage 

Current, 

IilJih 

A 

^ny Ini 

put 

1 

±10'* Typ., ±1 Max. 

pA 


TABLE I - TRUTH TABLE 


D 

c 

B 

A 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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* WHERE I = HIGH LEVEL 
0 = LOW LEVEL 


** EXTRAORDINARY 
STATES 



Fig. 5 — Typical transition time vs. Ci^. 



92CS-I9I02RI 


Fig. 6 - Maximum propagation delay time vs. 

VdD- 



Fig. 7 — Dissipation vs. input frequency. 
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CD4028A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 

at Ta = 25PC, Input t^, tf = 20 ns, Ci_ = 15 pF, Ri = 200 kSl 


CHARACTERISTIC 

TEST 

CONDITIONS 

LIMITS 

UNITS 

D, F, K, H 
PACKAGES 

E 

PACKAGE 


VdD 

(V) 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Propagation Delay 

Time; 

tPLH,tPHL 


5 


250 

480 



250 

700 

ns 

10 

- 

100 

180 

■ - 

100 

290 

Transition Time; 
iTHL.tTLH 


5 

- 

60 

150 

- 

60 

300 

ns 

10 

- 

30 

75 

- 

30 

150 

Average 1 nput 
Capacitance, C| 

Any Input 

- 

5 

- 

- 

5 

- 

pF 


dO-H 
cO— J 


aoH 


(Trademark) Burroughs Corp. 


92CS - I7295BI 



TMt Hf OUiniMINTS 


Tvpt 

Burrou^t 


D4081 

84336/718 

B4032 

84021 


Vt IV«»c) 


mA/numtral 


170 1 4 

170 2 

170 14 

120 14 


TRANSISTOR CHARACTERISTICS 


Lc«h*g4 with trimifior culotl ^ 0 OSmA 
V|BRICE0 ^ 


Fig. 9 — Neon readout (Nixie Tube^i 
display application. 


INPUTS 



0 12 3 4 5 6 7 8 9 10 II 12 13 14 15 


16 OUTPUTS 92CS-.7293R2 

Fig. 8 — Code conversion circuit 


The circuit shown in Fig. 9 converts any 4- 
bit code to a decimal or hexadecimal code. 
Table 2 shows a number of codes and the 
decimal or hexadecimal number in these 
codes vvhich must be applied to the input 
terminals of the CD4028A to select a partic- 
ular output. For example: in order to get a 
high on output No. 8 the input must be 
either an 8 expressed in 4-Bit Binary code, a 
15 expressed in 4-Blt Gray code, or a 5 ex- 
pressed in Excess-3 code. 



Fig. 10 — Quiescentdevice-current 
test circuit. 


TABLE II - CODE CONVERSION CHART 


INPUTS 

INPUT CODES 

OUTPUT NUMBER 



>- 

QC 

t< 

t< 

oocc 

EXCESS-3 

EXCESS-3 

GRAY 

AIKEN 

CN 

CN 

D 

c 

B 

A 

Q?? 

TtOO 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1011 12131415 

0 

0 

0 

0 

0 

0 



□ 

B 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 



n 

D 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

2 

3 


0 

B 

B 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

Kl 

B 

El 

a 

B 

■ 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

4 

7 

1 

4 

a 

■ 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

5 

B 

B 


■ 

B 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

m 

B 

D 

a 

■ 

□ 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

7 

B 

D 

B 

■ 

■ 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

Kl 

m 

□ 


■ 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

9 

B 

B 



8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

0 

1 

0 

m 

B 

B 

9 

■ 

B 

0 

0 

0 
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0 

0 

0 

0 

0 

0 
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0 

0 

0 

0 

0 

[10J1 
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NOTC 

TEST ANY COMSINATION 
Of INPUTS 


Fig. 11 — Noise-immunity test circuit. 


M£>- 

Vss 


NOTE 

MEASURE INPUTS 

sequentially. 

TO BOTH Vqo ANOVss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 


VSS 


Fig. 12 — Input-leakage-current test circuit. 
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CD4029A Types 

CMOS Presettable Up/Down Counter 

Binary or BCD-Decade 


The RCA-CD4029A consists of a four-stage 
binary or BCD-decade up/down counter with 
provisions for look-ahead carry in both 
counting modes. The inputs consist of a 
single CLOCK, CARRY-IN (CLOCK INHI- 
BIT), BINARY/DECADE, UP/DOWN, PRE- 
SET ENABLE, and four individual JAM sig- 
nals and a CARRY OUT signal are provided 
as outputs. 

A high PRESET ENABLE signal allows 
information on the JAM INPUTS to preset 
the counter to any state asynchronously with 
the clock. A low on each JAM line, when the 
PRESET-ENABLE signal is high, resets the 
counter to its zero count. The counter Is 
advanced one count at the positive transition 
of the clock when the CARRY-IN and PRE- 
SET ENABLE signals are low. Advancement 
is inhibited when the CARRY-IN or PRESET 
ENABLE signals are high. The CARRY-OUT 
signal is normally high and goes low when 
the counter reaches its maximum count in 
the UP mode or the minimum count in the 
DOWN mode provided the CARRY-IN sig- 
nal is low. The CARRY-IN signal in the high 
state can thus be considered a CLOCK 
INHIBIT. The CARRY-IN terminal must be 
connected to V55 when not in use. 

Binary counting is accomplished when the 
BINARY/DECADE input ishigh;the counter 
counts in the decade mode when the BI- 
NARY/DECADE input is low. The counter 
counts Up when the UP/DOWN INPUT is 
high, and Down when the UP/DOWN INPUT 


Features: 

■ Medium speed operation ... 5 MHz (typ.) 

@ Cl= 15 pF and Vqq— V55=10 V 

■ Multi-package parallel clocking for synchronous 
high speed output response or ripple clocking 
for slow clock Input rise and fall times 

■ “Preset Enable" and individual "Jam" inputs provided 

■ Binary or decade up/down counting 

■ BCD outputs in decade mode 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 juA 
at 15 V (full package-temperature range) 

■ l-V noise margin (full package- 
temperature range) 


Applications: 

■ Programmable binary and decade 
counting/frequency synthesizers-BCD output 

■ Analog to digital and digital to 
analog conversion 

■ Up/Down binary counting 

■ Magnitude and sign generation 

■ Up/Down decade counting 

■ Difference counting 


is low. Multiple packages can be connected 
In either a parallel-clocking or a ripple- 
clocking arrangement. 

Parallel clocking provides synchronous con- 
trol and hence faster response from all 
counting outputs. Ripple-clocking allows for 
longer clock input rise and fall times. 

These types are supplied In 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 1 6-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


RECOMMENDED OPERATING CONDITIONS at T/^=250C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so 
that operation is always within the following ranges: 


CHARACTERISTIC 

^DD 

(V) 

LIMITS 

— 

UNITS 

D, F, K, H 
Packages 

E 

Package 

Min. 

Max. 

Min. 

Max. 

Supply-Voltage Range (For T^=Full 
Package-Temperature Range) 


3 

12 

3 

12 

V 

Setup Time, 

5 

10 

650 

230 

- 

1300 

460 


ns 

Clock Pulse Width, tyy 

5 

10 

340 

170 

- 

500 

250 

- 

ns 

Clock Input Frequency, f^^ 

5 

10 

dc 

dc 

1.5 

3 

dc 

dc 

1 

2 

MHz 

Clock Rise or Fall Time, t^CL,tfCL* * 

5 

10 

- 

15 

15 

- 

15 

15 

ps 

Preset Enable Pulse Width, tyy 

5 

10 

330 

160 

- 

660 

320 

- 

ns 


From Up/Down, Binary/Decode, Carry In, or Preset Enable Control Inputs to Clock Edge. 
If more than one unit is cascaded in the parallel clocked application, tj.CL should be made 
less than or equal to the sum of the fixed propagation delay at 15 pF and the transition 
time of the carry output driving stage for the estimated capacitive load. 




Fig. 7- 


- Typical propagation delay time vs. 
Ci_ for Q outputs. 


AMBICNT TtmetHATORE (T*)-25*C 
TYPICAL TEMPERATURE COEFFICIENT FOR ALL VALUES: 
OF voo*0 3*fcr*c 
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Fig. 2- Typical propagation delay time vs. 
Cj_ for carry output. 



Fig. 3— Typical transition time vs. 
for Q outputs. 
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CD4029A Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (Tg^g) -65 to +150°C 

OPERATING-TEMPERATURE RANGE (T^); 

PACKAGE TYPES D, F, K, H -55 to ■H25°C 

PACKAGE TYPE E -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (V^q) 

(Voltages referenced to Vgg Terminal) -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (Pp): 

FOR Ta=- 40 to +60°C (PACKAGE TYPE E ) 500 mW 

FOR T^=+60 to +85°C (PACKAGE TYPE E ) Derate Linearly at 12 mW/°C to 200 mW 

For T^ = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

For T^ = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

FOR T^=FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS 0.5 to VpQ *0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max t265°C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta= 250C, Input Vtf=20 ns, 
Cl=15pF, Rl=200 kn 


CHARACTERISTIC 

TEST 

LIMITS 

UNITS 

CONDITIONS 

D, f, k, h 

Packages 

E 

Package 


VdD 

(V) 

Min. I Typ.| Max. 

Min. 1 Typ.| Max. 

Clocked Operation | 

Propagation Delay Time: 

tPHL' tPLH 

Q Outputs 


5 

■ 

BB 

IfM 

■ 



ns 

10 

- 


Rc!il 

- 

HQ 


Carry Output 


5 

WBM 


isgfil 

B9i 


m«!ii 

10 

B9 

|D|9 


n 



Transition Time: 

^THU ^TLH 

Q Outputs 


5 

■ 




100 

400 

ns 

10 


Ell 

iTifil 

n 

Ell 

Ki!il 

Carry Output 


5 


KiTSl 

ITiTil 

n 

Rilil 

i{:Mil 

10 

im 

lB!il 

Ri!il 

iBi 

IPTil 

KJijJI 

Minimum Clock Pulse 
Width, ty\/ 


5 

- 

200 

340 

- 

200 

500 

ns 

10 

- 

100 

170 

- 

100 

250 

Clock Rise & Fall Time, 
trCL, tfCL** 


5 

- 

- 

15 

- 

- 

15 

ps 

10 

- 

- 

15 

- 

- 

15 

Minimum Setup Times, 


5 

- 

325 

650 

- 

325 

1300 

ns 

10 

- 

115 

230 

- 

115 

460 

Maximum Clock Input 
Frequency, f^L 


5 

1.5 

2.5 

- 

1 

2.5 

- 

MHz 

10 

3 

5 

- 

2 

5 

- 

Input Capacitance, C| 

Any Input 

- 

5 

- 

- 

5 

- 

pF 

Preset Enable | 

Propagation Delay Time: 

tPHL« ^PLH 

Q Outputs 


5 


325 

650 


325 

1300 


10 

- 

115 

230 

- 

115 

460 

Carry Output 


5 

- 

425 

850 

HH 

EFa 

■Mini 

10 

- 

150 

300 

WBM 



Minimum Preset Enable 
Pulse Width, tyy 


5 

_ 

115 

330 

^91 

insi 



10 

- 

80 

160 

Bl 



Minimum Preset Enable 

Removal Time 


5 

- 

325 

650 

bbm 

icgsl 

ikiiiii 

ns 

10 


115 

230 

- 

115 

460 

Carry Input | 

Propagation Delay Time: 

tPHL' ^PLH 

C^rry Output 


5 


175 

350 


175 

700 

ns 

10 

- 

50 

100 

- 

50 

200 



Fig. 4-Typical transition time vs. 
for carry output. 






Fig. 6- Quiescent-device-current 
test circuit. 



Fig. 7- Noise-immunity test circuit. 


MD- 



NOTE 

MEASURE INPUTS 
SEQUENTIALLY. ^ 

TO BOTH Voo ANO Vjj 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vqd ‘^''ss 


»ZCS-?M02 


For footnotes, see Recommended Operating Conditions. 


^'9- S Input-leakage-current test circuit. 
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CD4029A Types 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 


Quiescent 
Device 
Current, 
l|_ Max. 
Output 
Voltage: 
Low-Level, 

Vql 

High-Level, 

Vqh 

Noise 
Immunity ; 
Inputs Low, 

Vnl 

Inputs High, 

Vnh 

Noise 
Margin: 
Inputs Low, 
^NML 
Inputs High, 


Limits at Indicated Temperatures {**C) 

D, F, K, H Packages I £ Packai 


< 

o 

< 

z 

VdD 

-55 

+25 

+125 

-40 1 

+25 

+85 

(V) (V) 

(V) 


Typ. Limit 


I Typ. I Limit 


_ _ 

5 

5 

0.3 5 

300 

50 

0.5 50 

700 

_ 

10 

10 

0.5 10 

600 

100 

1 100 

1400 

- - 

15 

50 

1 50 

2000 

500 

5 500 

5000 

5 

5 



0 Typ.; 

0.05 Max 



10 

10 



0 Typ.; 

0.05 Max 



0 

5 



4.95 Mi 

n.; 5 Typ. 




9.95 Min.; 10 Typ. 


1.5 Min.; 2.25 Typ. 

3 Min.; 4.5 Typ. 
1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 



P/g. 9— Typical dissipation characteristics. 



I I CD40IIA I 

L QUAD 2 INPUT NAND GATE I 

I 92CS- 

Fig. 10-Conversion of dock up, dock down 
input signals to dock and up/down 
input signals. 


Drive Cur- 
rent: 

N-Channel 
(Sink), IpN 
Min. 

1 1 ♦ 1 1 f c 

0.5 


5 

0.5 

0.8 

0.4 

0.28 

0.24 

0.8 

0.2 

0.16 

Li vjuipuis 

0.5 

_ 

10 

0.74 

1.2 

0.6 

0.42 

0.36 

1.2 

0.3 

0.24 

Carry Out- 

0.5 

- 

5 

0.1 

0.16 

0.08 

0.06 

0.05 

0.16 

0.04 

0.03 

put 

0.5 

- 

10 

0.4 

0.64 

0.32 

0.22 

0.19 

0.64 

0.16 

0.13 

P-Channel 

(Source), 

IpP Min. 

O Oi itni itc 

4.5 


5 

-0.18 

-0.24 

-0.12 

-0.08 

-0.07 

-0.24 

-0.06 

-0.05 

wU l[JU lb 

9.5 

- 

10 

-0.3 

- 0 . 4 ! 

-0.2 

-0.14 

-0.14 

-0.4 

-0.1 

-0.08 

Carry Out- 

4.5 

- 

5 

-0.09 

-0.12 

-0.06 

-0.04 

-0.04 

-0.12 

-0.03 

-0.02 

put 

9.5 

- 

10 

-0.15 

-0.2 

-0.1 

-0.07 

-0.07 

-0.2 

-0.05 

-0.04 


Input 
Leakage 
Current, 
hu 'IH 


Any Input 


’ Typ., ±1 Max. 


The CD4029A CLOCK and UP/DOWN inputs 
are used directly in most applications. In 
applications where CLOCK UP and CLOCK 
DOWN inputs are provided, conversion to 
the CD4029A CLOCK and UP/DOWN inputs 
can easily be realized by use of the circuit 
shown below. 

CD4029A changes count on positive transi- 
tions of CLOCK UP or CLOCK DOWN 
inputs. For the gate configuration shown 
below, when counting up the CLOCK DOWN 
input must be maintained high and conversely 
when counting down the CLOCK UP input 
must be maintained high. 


-T I X I I I X II 0 I 0 NC 

NC -NO CHANGE TE -TOGGLE ENABLE 

I clock|te| pe| j II 0 1 Q 

X X 0 0 0 I 


*all logic inputs are 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 
















L 







jLrJ 

0|- 

h 

PE J 
TE Q2 

QZ- 

rE 

•p)*j9 

pi 

PE J 

TE 

Pi 

P 

Br 

PE J 

TE Q4 -I 



NO COUNTER 
ADVANCE AT POS 
CLOCK TRANSITIO 
ADVANCE COUNTS 
AT POS CLOCK 
TRANSITION 


* TRUTH TABLE FOR F-F'S 2,3,4 

Fig. 1 1— Logic diagram. 
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CD4030A Types 


CMOS 

Quad Exclusive-OR Gate 


The RCA-CD4030A types consist of four in- 
dependent Exclusive-OR gates integrated on 
a single monolithic silicon chip. Each Ex- 
clusive-OR gate consists of four n-channel and 
four p-channel enhancement-type transistors. 
All inputs and outputs are protected against 
electrostatic effects. 


These types are supplied in 14-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 14-lead dual-in-line plastic pack- 
age ( E suffix), 1 4-lead ceramic flat package 
(K suffix), and in chip form (H suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values 


OPERATING TEMPERATURE RANGE (Jp^) 

PACKAGE TYPES D, F, K, H -55 to +125°C 

PACKAGE TYPE E - 40 to +85° C 

DC SUPPLY VOLTAGE RANGE (Ypp) 

(Voltages referenced to Vgg Terminal -0.5to+15V 

POWER DISSIPATION PER PACKAGE (P^) 

FOR T;^^ = -40 to +60° C (PACKAGE TYPE E) 500 mW 

FOR T^ = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW°/C to 200 mW 

FOR T^ = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR T^ = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T^ = FULL PACKAGE TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vpp +0.5 

LEAD TEMPERATURE (DURING SOLDERING) 

At distance 1/16 ± 1/32 inch (159 ± 0.79 mm) from case for 10s max +265°C 

RECOMMENDED OPERATING CONDITIONS at Ta = 250C. 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 



LIMITS 


CHARACTERISTIC 

D, F, K, H 
Packages 

E 

Package 

UNITS 


Min. Max. 

Min. Max. 


Supply Voltage Range (For T/x = Full 
Package Temperature Range) 

3 12 

3 12 

V 

*ALL INPUTS ARE 

PROTECTED BY 

COS/MOS PROTECTION 

NETWORK 


14 

(j)VDD 



TRUTH TABLE FOR ONE OF 
FOUR IDENTICAL GATES 



A 

B 

J 

0 

0 

0 

1 

0 

1 

0 

1 

1 

1 

1 

0 


, JVK.L,W 


WHERE "1” = HIGH LEVEL 
"O'* = LOW LEVEL 


ALL P-CHANNEL SUBSTRATES 
ARE INTERNALLY CONNECTED TO Vqq 
ALL N-CHANNEL SUBSTRATES 
ARE internally CONNECTED TO Vsg 





^ 1 


iil-V 

A-2 

J 3 


'^DD 

P-H 

12 Q 

K ^ 

1 

" M 

c 3 


10 [ 

D-i 

Vss — 


Ae 


J*A@B L*E®F 

K = C®D M=G®H 


92CS-17410RI 

FUNCTIONAL DIAGRAM 


Features: 

■ Medium speed operation. . . 

• • tPHL = tPLH = 40 ns (typ.) @ Cl = 15 pF 
and VpD-VsS = 10 V 

■ Low output impedance. . . 

. . .500 (typ.) @ Vdd-Vss = 10 V 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 juA 
at 15 V (Full package-temperature range) 

■ 1-V noise margin (full package-temper- 
ature range) 

Applications: 

■ Even and odd-parity generators 
and checkers 

■ Logical comparators 

■ Adders/subtractors 

■ General logic functions 


AMBIENT TEMPERATURE (Ta) *29*0 
TYPICAL TEMPERATURE COEFFICIENT I 
FOR In ‘-OS %/»C 


E-TO-SOURCE VOLTS) VgsI- 151- 


Fig.2 — Typical output n-channel 
drain characteristics. 




Fig. 1 — Schematic diagram for 1 of 4 identical exclusive-OR gates. 

For quiscent device current, noise immunity, and input leakage current test circuits see “Rating and 
Characteristics” at the beginning of the CMOS section. 


AMBIENT TEMPERATURE (TaI* 25 *0 ^ 

TYPICAL TEMPERATURE COEFFICIENT L 
FOR ALL VALUES OF Vdd.-0.3%/«C - 


Fig.3 — Typical output p-channe! 
drain characteristics. 
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CD4030A Types 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 

Conditions 

Limits at Indicated Temperatures (°C) | 

Units 

D, F, K, H Packages 

E Package 

V6 

(V) 

V|N 

(V) 

Vdd 

(V) 

-55 

+25 

+125 

-40 

+25 

+85 

Typ. 

Limit 

Typ. 

Limit 

Quiescent Device 
Current ![_ Max. 

- 

- 

5 

0.5 

0.005 

0.5 

30 

5 

0.05 

5 

70 

iuA 

- 

- 

10 

1 

0.01 

1 

60 

10 

0.1 

10 

140 

- 

- 

15 

25 

0.5 

25 

1000 

250 

2.5 

250 

2500 

Output Voltage: 
Low Level, 

Vql 

_ 

5 

5 

0 Typ.; 0.05 Max. 

V 

- 

10 

10 

0 Typ.; 0.05 Max. 

High Level 

Vqh 

- 

0 

5 

4.95 Min.; 5 Typ. 

- 

0 

10 

9.95 Min.; 10 Typ. 

Noise Immunity; 
Inputs Low, 

ynl 

3.6 


5 

1.5 Min.; 2.25 Typ. 

V 

7.2 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High 

vnh 

1.4 

- 

5 

1 .5 Min.; 2.25 Typ. 

2.8 

- 

10 

3 Min.; 4.5 Typ. 

Noise Margin: 
Inputs Low, 

vnml 

4.5 


5 

1 Min. 

V 

9 

- 

10 

1 Min. 

Inputs High, 

vnmh 

0.5 

- 

5 

1 Min. 

1 

- 

10 

1 Min. 

Output Drive 
Current: 

N Channel 
(Sink) 

IqN Min. 

0.5 


5 

0.75 

1.2 

0.6 

0.45 

0.35 

1.2 

0.3 

0.25 

mA 

0.5 


10 

1.5 

2.4 

1.2 

0.9 

0.7 

2.4 

0.6 

0.5 

P Channel 
(Source) : 

IqP Min. 

4.5 

_ 

5 

-0.45 

-0.6 

-0.3 

-0.21 

-0.21 

-0.6 

-0.15 

-0.12 

9.5 

- 

10 

-0.95 

-1.3 

-0.65 

-0.45 

-0.45 

-1.3 

-0.32 

-0.25 

Input Leakage 
Current 
l|L. I|H 

Any Input 
- 1 - 1 15 


± 10“^ Typ., ± 1 Max. 

iuA 


DYNAMIC ELECTRICAL CHARACTERISTICS at T^ = 250C, Input ^ tf = 20 ns, 

Cl = 15pF, Rl = 200 kil 


Characteristic 


LIMITS 

Units 

Test Conditions 

D, F, K, H 
Packages 

E 

Package 


Vdd 

(V) 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Propagation Delay 
Time; 

tPLH, tpHL 


5 

- 

100 

200 

- 

100 

300 

ns 

10 

- 

40 

100 

- 

40 

150 

Transition Time: 
High-to-Low 

Level, tjHL 


5 


70 

150 


70 

300 

ns 

10 

- 

25 

75 

- 

25 

150 

Low-to-High 

Level, tJLH 


5 

- 

80 

150 

- 

80 

300 

10 

- 

30 

75 

- 

30 

150 

Average Input 
Capacitance, C| 

Any Input 

- 

5 

- 


5 

_ 

pF 



Fig. 4 — Typical propagation-delay 
time vs. load capacitance. 



SUPPLY VOLTS I Vpol 


Fig.5 — Maximum propagation-delay 
time vs. supply voltage. 



Fig. 6 — Typical dynamic power dis- 
sipation characteristics. 



Fig. 7 — Typical transition time 
I's. load capacitance. 
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CD4031A Types 


CMOS 64-Stage Static Shift Register 


The RCA-CD4031A is a 64-stage static shift 
register in which each stage is a D-type, 
master-slave flip-flop. 

The logic level present at the DATA input is 
transferred into the first stage and shifted 
one stage at each positive-going clock transi- 
tion. Maximum clock frequencies up to 
4 Megahertz (typical) can be obtained. Be- 
cause fully static operation is allowed, 
information can be permanently stored with 
the clock line in either the low or high state. 

The CD4031A has a MODE CONTROL in- 
put that, when in the high state, allows 
operation in the recirculating mode. Register 
packages can be cascaded and the clock lines 
driven directly for high speed operation. 
Alternatively, a delayed clock output (CLp) 
is provided that enables cascading register 
packages while allowing reduced clock drive 
fan-out and rise- and fall-time requirements. 

MAXIMUM RfiCTXHGS, Absolute-Maximum Values: 


Data (Q) and Data (Q) outputs are provided 
from the 64th register stage. The Data (Q) 
output is capable of drving one TTL or DTL 
load. 

These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age ( E suffix), 1 6-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


Features: 

■ Fully static operation: DC to 4 MHz typ. 

Vdd - Vss = 10 V 

■ Operation from a single 3 to 15 V positive 
or negative power supply 

■ High noise immunity 

■ Microwatt quiescent power dissipation: 
10 /iW (typ.) for ceramic packages; 100 jLiW 
(typ.) for plastic packages 



■ Single phase clocking requirements 

■ Recirculation capability 

■ Data compatible with TTL-DTL 

■ Two cascading modes: 

Direct clocking for high-speed opera- 
tion 

Delayed clocking for reduced clock 
drive requirements 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 /tiA 
at 15 V (full package-temperature range) 

■ 1-V noise margin (full package-tempera- 
ture range) 

Applications: 

■ Serial shift registers 

■ Time delay circuits 



Fig. 1 — Typical and minimum output n-channel 
drain characteristics for Q output. 


drain- TO-SOUHCE VOLTS (Vos* 



STORAGE-TEMPERATURE RANGE (Tstg) -65to+150C 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H 

PACKAGETYPE E 

DC SUPPLY-VOLTAGE RANGE, (Vdd> 

Voltages referenced to Vss Terminal): 

POWER DISSIPATION PER PACKAGE (Pq) 

FOR Ta = -40 to +60°C (PACKAGE TYPE E ) 

FOR Ta = +60 to +85°C (PACKAGE TYPE El Derate Linearly at 12 mW^C to 200 mW 

FOR Ta = -55 to +100®C (PACKAGE TYPES D, F, K) 500 mW 


55 to+125^C 
-40 to +85°C 


-0.5 to +1 5 V 


500 mW 


Derate Linearly at 1 2 mW/ C to 200 mW 


FOR T^ = +100 to +125°C (PACKAGE TYPES D, F, K) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = full PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqq +0-5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 ± 1 132 inch ( 1 .59 ± 0.79 mm) from case for 10s max +265°C 


RECOMMENDED OPERATING CONDITIONS at Ta = 25* C, Except as Noted. 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

VdD 

(V) 

LIMITS 

UNITS 

D, F, K, H 
PACKAGES 

E 

PACKAGE 

MIN. 

MAX. 

MIN. 

MAX. 

Supply-Voltage Range (For Ta = Full 







Package-Temperature Range) 


3 

12 

3 

12 

V 


5 

100 

_ 

100 

_ 


Data Hold Time, t|-| 






ns 


10 

200 

- 

200 

- 



5 

2.5 

_ 

2.6 

_ 


Clock Pulse Width, X\^ 

10 

1 

- 

1.3 

- 

/is 


5 

dc 

0.8 

dc 

0.4 


Clock Input Frequency, fQ|_ 






MHz 


10 

dc 

2 

dc 

1 



5 

_ 

2 

_ 

2 


Clock Rise and Fall Time, tpCL, tfCL* 






MS 


10 


1 

— 

1 



* If more than one unit is cascaded in the parallel clocked application, t^CL should be made less than or equal Fig. 2 — Typical output p-channel drain character- 

to the sum of the propagation delay at 1 5 pF and the transition time of the output driving stage. istics for Q output. 
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CD4031A Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTERISTICS 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (®C) | 

UNITS 

D, F, K, H PACKAGES 


Vq 

(VI 

VlN 

(V) 

''dd 

(V) 

-55 

+25 

+125 


+25 


TYP. 

LIMIT 

Q22I 


Quiescent Device 
Current, Ij^ Max. 

- 

- 

5 

10 

0.5 

10 

600 

50 

1 

50 

700 

pA 

- 

- 

10 

25 

1 

25 

1500 

100 

2 

100 

1400 

- 

- 

15 

50 

1 

50 

2000 

500 

5 

500 

5000 

Output Voltage: 

Low Level, 

VoL 

- 

5 

5 

0 Typ.; 0.05 Max 

V 

- 

10 

10 

0 Typ.; 0.05 Max 

High Level 
^OH 

- 

0 

5 

4.95 Min.; 5 Typ. 

- 

0 

10 

9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low, 

Vnl 

4.2 

- 

5 

1.5 Min.; 2.25 Typ. 

V 

9 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High 

Vnh 

0.8 

- 

5 

1.5 Mih.; 2.25 Typ. 

1 

- 

10 

3 Min.; 4.5 Typ. 

Noise Margin: 

Inputs Low, 

'^NML 

4.5 

- 

5 

1 Min. 

V 

9 

- 

10 

1 Min. 

Inputs High, 
'^NMH 

0.5 

- 

5 

1 Min. 

1 

- 

10 

1 Min. 

Output Drive 
Current: 
N-Channel 
(Sink). 

IpN Min. 

0 

0.4 

- 

4.5 

1.6 

2.6 

1.3 

0.91 

1.6 

2.6 

1.3 

1.05 

mA 

0.5 

- 

10 

5 

8 

4 

3.2 

5 

8 

4 

3.2 

0 

0.5 

- 

5 

0.11 

0.18 

0.09 

0.06 

0.05 

0.18 

0.045 

0.037 

0.5 

- 

10 

0.24 

0.4 

0.2 

0.14 

0.12 

0.4 

0.1 

0.08 

CLq 

0.5 

- 

5 

0.48 

0.8 

0.4 

0.28 

0.24 

0.8 

0.2 

0.16 

0.5 

- 

10 

1.5 

2.4 

1.2 

0.84 

0.75 

2.4 

0.6 

0.5 

P- Channel! 

(Source): 

IpPMin. 

0 

4.5 

- 

5 

-0.4 

-0.64 

-0.32 

-0.22 

-0.20 

-0.64 

-0.16 

-0.13 

9.5 

- 

10 

-0.85 

-1.4 

-0.70 

-0.49 

-0.42 

-1.4 

-0.35 

-0.29 

0 

4.5 

- 

5 

-0.11 

-0.18 

-0.09 

-0.06 

-0.05 

-0.18 

'll* 

o 

o 

-0.037 

9.5 

- 

10 

-0.24 

-0.4 

-0.20 

-0.14 

-0.12 

-0.4 

-0.10 

-0.08 

CLd 

4.5 

- 

5 

-0.48 

-0.8 

-0.40 

-0.28 

-0.24 

-0.8 

-0.20 

-0.16 

9.5 

- 

10 

-1 

-1.6 

-0.80 

-0.56 

-0.5 

-1.6 

-0.40 

-0.32 

Input Leakage 
Current, 

'iL' 'iH 

Ar 

iy Inp 

lUt 

15 

±10“® Typ., ±1 Max. 

PA 



> 



Fig. 3— Typical propagation delay time vs. load 
capacitance for data outputs. 



Fig. 4 — Typical propagation delay w. load capaci- 
tance for delayed dock output. 


AMB 

TYP 

ALL 

ENT TEMPERATURE ITa|. 25‘C 4i;j 

CAL temperature coefficent for i:;* 

VALUES OF Voo'O 3*/./*C -14-^ 



Jrr.. 



il 

su 

‘PLY voLT's'(v|o)^ioi;^ ^ : 


ji 


1 


■|| 

i 


TOT 

P 

f S: 


i 


^5 - 

it-- 

-Mi 

■W 

tt'l 

1 



i;: 

:i + 
T;± 


10 20 30 40 50 60 70 80 90 lOO 

LOAD CAPACITANCE ICl»-PT 92CS-19749 

MOTE: Q OUTPUT IS SWNIFICAMTLY LESS THAN 


Fig. 5 — Typical transition time vs. load capaci- 
tance for data outputs. 



LOAD CAPACITANCE (Cl1-pP 


Fig. 6— Typical transition time vs. load capaci- 
tance for delayed dock output. 
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CD4031A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 

at Ty:^=25°C, Input tpt^=20 ns, Cl= 15 pF (unless otherwise specified), Rl= 200 kH 


CHARACTERISTIC 

TEST 

LIMITS 

UNITS 

CONDITIONS 

D, F, K, H 

E 


VdD 

IV) 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Propagation Delay Time; 
tPLH' tPHL 

Clock to Data 

Output Q & Q * 


5 

_ 

400 

800 

_ 

400 

1600 

ns 

10 

- 

200 

400 

- 

200 

800 

Clock to CLq 

Cl - 60p 

5 

- 

400 

800 

- 

400 

1600 

^ 10 

- 

200 

400 

- 

200 

800 

Transition Time; 

tTHL- ^TLH 

Q Output 


5 


75 

150 


75 

300 

ns 

10 

- 

30 

60 

- 

30 

120 

Q Output 


5 

- 

300 

600 

- 

300 

1200 

10 

- 

150 

300 

- 

150 

600 

CLq Output 

Cl=60p 

P 5 

- 

200 

400 

- 

200 

800 

10 

- 

100 

200 

- 

100 

400 

Clock Rise and Fall Time; 
tpCL, tfCL** 


5 

- 

- 

2 

- 

- 

2 

MS 

10 

- 

- 

1 

- 

- 

1 

Minimum Data Set-Up 
Time, ts 


5 

- 

200 

400 

- 

200 

800 

ns 

10 

- 

50 

100 

- 

50 

200 

Maximum Clock Input 
Frequency, fcL*** 


5 

0.8 

2 

- 

0.4 

2 

- 

MHz 

10 

2 

4 

- 

1 

4 

- 

Minimum Data Hold 

Time, tH 


5 

- 

50 

100 

- 

50 

100 

ns 

10 

- 

100 

200 

- 

100 

250 

Minimum Clock Pulse 
Width, t\/y 


5 

- 

1.25 

2.5 

- 

1.3 

2.6 

MS 

10 

- 

0.5 

1 

- 

0.62 

1.3 

Average Input Capaci- 
tance, Cl Clock 



_ 

60 

_ 

_ 

60 

_ 

pF 

All Others 



- 

5 

- 

” 

L_i_ 

- 




Fig. 8 — Maximum dock input frequency vs. 
supply voltage. 



Fig. 9 - Typical power dissipation vs. frequency. 



Fig. 10— Noise-immunity test circuit. 


* Capacitive loading on Q output affects propagation delay of Q output. These limits apply for Q load 
Cl<15pF. 

** If more than one unit is cascaded in the parallel clocked application, t^CL should be made less than or 
equal to the sum of the propagation delay at 1 5 pF and the transition time of the output driving stage. 
*** Maximum Clock Frequency for Cascaded Units; 


a) Using Delayed Clock Feature — 
f, 


(n-1) CLq prop, delay + Q prop, delay + set-up time 

1 


where n = number of packages 


b) Not Using Delayed Clock — f^ax " 


propagation delay + set-up time 



COS/MOS PROTECTION 
NETWORK 



Fig. 12 — Functional diagram. 


XD 1 

vss 


T 

'^ss 


NOTE 

MEASURE INPUTS 
sequentially. 

TO BOTH Vqo Vjs 
CONNECT ALL UNUSED 
INPLfTS TD either 
'^00 O'* ''SS 


Fig. 11— Input-leakage-current test circuit. 

Vqd 



WITH S| AT GROUND, CLOCK UNIT 64 TIMES 
BY CONNECTING $2 TO PULSE GENERATOR. 
RETURN $2 TO GND AND MEASURE LEAKAGE 
CURRENT. REPEAT WITH S, AT Vop 

Fig. 13 — Quiescent-device-current test circuit. 
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CD4032A, CD4038A Types 


CMOS Triple Serial Adders 

Fpf^turps * 

Positive Logic Adder - CD4032A 
Negative Logic Adder — CD4038A 


The RCA-CD4032A and CD4038A types 
consist of three serial adder circuits with 
common CLOCK and CARRY-RESET in- 
puts. Each adder has two provisions for two 
serial DATA INPUT signals and an INVERT 
command signal. When the command signal 
is a logical "1", the sum is complemented. 
Data words enter the adder with the least 
significant bit first; the sign bit trails. The 
output is the MOD 2 sum of the input bits 
plus the carry from the previous bit position. 
The carry is only added at the positive-going 
clock transition for the CD4032A or at the 
negative-going clock for the CD4038A, thus, 
for spike free operation the input data trans- 
itions should occur as soon as possible after 
the triggering edge. 

The CARRY is reset to a logical "0" at the 
end of each word by applying a logical "1" 


■ Invert inputs on all adders for sum complementing 
applications 

■ Fully static operation dc to 5 MHz (typ.) 

■ Buffered outputs 

■ Single-phase clocking 

■ Microwatt quiescent power dissipation. ... 5 /iW (typ.) 

■ Quiescent current specified to 1 5 V 

■ Maximum input leakage current of 1 /iA 
at 15 V (full package-temperature range) 

■ 1-V noise margin (full package-temper- 
ature range) 

signal to a CARRY-RESET input one bit- 
position before the application of the first 
bit of the next word. Figs. 2 and 4 show 
definitive waveforms for all input and output 
signals. 

These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages {D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age ( E suffix), 1 6-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 



Applications: 

■ Serial arithmetic units 

■ Digital correlators 

■ Digital datalink computers 

■ Flight control computers 


MAXIMUM Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (Tjtg) -65 to +150°C 

OPERATINT GEMPERATURE RANGE (T;^): 

PACKAGE TYPES D, F, K, H -55 to + 1 25°C 

PACKAGE TYPE E -40 to f85°C 

DC SUPPLY-VOLTAGE RANGE, (Vq^) 

(Voltages referenced to Vgg Terminal) -0.5to+-15V 

POWER DISSIPATION PER PACKAGE (Pq) 

FOR T;^ = -40 to +60°C (PACKAGE TYPE E) 500 mW 


FOR T^ = +60 to +85°C (PACKAGE TYPE E) . . . Derate Linearly at 12 mW/°C to 200 mW 

FOR T^ = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR Tyi^ = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/ C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T^ = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) . . . . 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS . 0.5 to V^p *0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from case for 10 s max +265°C 

RECOMMENDED OPERATING CONDITIONS at T^ = 25°C, Except as Noted. 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


■ Digital servo control systems 
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Fig. 1 — Typical propagation delay time vs. load 
capacitance for A, B, or INVERT inputs 
to sum outputs. 




LIMITS 


CHARACTERISTIC 


D, F, K, H 

E 


UNITS 


VdD 

Packages 

Package 



(V) 

Min. 

Max. 

Min. 

Max. 


Supply-Voltage Range (For T/^^ = 







Full Package-Temperature Range) 


3 

12 

3 

12 

V 

Input Setup Time, tg 

5 

10 

t^CL 

- 

t^CL 

- 

ns 


5 

dc 

1.5 

dc 

2.5 


Clock Input Frequency, fQ|_ 

10 

dc 

3 

dc 

5 

MHz 


5 

_ 

15 

_ 

15 


Clock Rise or Fall Time, t^CL, tfCL 

10 

- 

15 


15 

IIS 



Fig. 2 — Typical transition time vs.load capacitance 
for sum outputs. 
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CD4032A, CD4038A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T^ = 25°C, Input t^, tf = 20 ns, 

Cl*15pF, Rl = 200 ka 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

D, F, K, H 
Packages 

E 

Package 

Vdd 

(V) 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Propagation Delay 
Time; 

^PLH'tPHL 

A, B, or Invert 

Inputs to Sum 

Outputs 

5 


400 

1100 


400 

1400 

ns 

10 

- 

125 

250 

- 

125 

300 

Clock Input 
to Sum Outputs 

5 

- 

800 

2200 

- 

800 

2400 

10 

- 

250 

500 

- 

250 

600 

Transition Time; 

^THL' ^TLH 
(Sum Outputs) 

5 

_ 

125 

375 

_ 

125 

425 

ns 

10 

- 

50 

150 

- 

50 

200 

Maximum Clock Input 
Frequency, fQ|_ 

5 

1.5 

2.5 

- 

1 

2.5 

- 

MHz 

10 

3 

5 

- 

2 

5 

- 

Clock Rise & Fall 

Time; 

trCL, tfCL** 

5 


__ 

15 

_ 

_ 

15 

jUS 

10 

- 

- 

15 

- 

- 

15 

Minimum Input Set Up 
Time, t 5 * 

5 

- 

- 

trCL 

_ 

- 

tfCL 

ns 

10 

Average Input 
Capacitance, C| 


1 

5 

- 

- 

5 

- 

PF 


■•This characteristic refers to the minimum time required for the A, B, or Reset Inputs to change state 
following a positive clock transition (C04032A) or negative transition (CD4038A). 


**lf more than one unit is cascaded t^CL should be made less than or equal to the sum of the transition 
time and the fixed propagation delay of the output of the driving stage for the estimated capacitive 
load. 



Fig. 3 - Typical dissipation characteristics. 
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Fig. 4 — CD4032A timing diagram. 
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Fig. 5 — CD4038A timing diagram. 



Fig. 6 — CD4032A logic diagram of one of three serial adders. 



Fig. 7 — CD4038A logic diagram of one of three 
serial adders. 
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CD4032A, CD4038A Types 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 

Conditions 

Limits at Indicated Temperatures (°C) 

Units 

D, F, K, H Packages 

E Package 

Vo 

(V) 

V|N 

(V) 

Vdd 

(V) 

-55 

+25 

+125 

-40 

+25 

+85 

Typ. 

Limit 

Typ. 

Limit 

Quiescent Device 
Current 1^ Max. 

- 

- 

5 

5 

0.3 

5 

300 

50 

0.5 

50 

700 

AiA 

- 

- 

10 

10 

0.5 

10 

600 

100 

1 

100 

1400 

- 

- 

15 

50 

1 

50 

2000 

500 

5 

500 

5000 

Output Voltage: 
Low-Level 

VOL 

- 

5 

5 

0 Typ.; 0.05 Max. 

V 

- 

10 

10 

0 Typ.; 0.05 Max. 

High Level 

vqh 

- 

0 

5 

4.95 Min.; 5 Typ. 

- 

0 

10 

9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low, 

Vnl 

4.2 

_ 

5 

1.5 Min.; 2.25 Typ. 

V 

9 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High 

vnh 

0.8 

- 

5 

1.5 Min., 2.25 Typ. 

1 

- 

10 

3 Min.; 4.5 Typ. 

Noise Margin: 
Inputs Low, 

Vnml 

4.5 

_ 

5 

1 Min. 

V 

9 

- 

10 

1 Min. 

Inputs High, 

Vnmh 

0.5 

- 

5 

1 Min. 

1 

- 

10 

1 Min. 

Output Drive 
Current 
N-Channel 
(Sink), 

IqN Min. 

0.5 


5 

0.6 

0.9 

0.5 

0.3 

0.25 

0.9 

0.2 

0.14 

mA 

0.5 

- 

10 

0.75 

2.4 

0.7 

0.6 

0.6 

2.4 

0.5 

0.4 

P-Channel 

(Source), 

IqP Min. 

4.5 

_ 

5 

-0.21 

-0.4 

-0.15 

-0.075 

-0.14 

-0.4 

-0.1 

-0.095 

9.5 

- 

10 

-0.7 

-7.2 

-0.55 

-0.35 

-0.3 

-1.2 

-0.27 

-0.22 

Input Leakage 
Current, 

•lU IlH 

Any Input 

±10“5 Typ., ±1 Max. 

/iA 

- 

- 

15 


''OD 




oM£>- 

Vss 



NOTE 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH Vdd and Vss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vdd or Vss 


Fig. 10 — Input-leakage-current test circuit. 


Fig. 8 - Quiescent-device-current test circuit. 






CD4034A Types 


CMOS 8-Stage Static Bidirectional 
Parallel/Serial Input/Output Bus Register 


The RCA-CD4034A is a static eight-stage 
parallel-or serial-input parallel-output regis- 
ter. It can be used to: 

1) bidirectionally transfer parallel informa- 
tion between two buses, 2) convert serial 
data to parallel form and direct the parallel 
data to either of two buses, 3) store (recircu- 
late) parallel data, or 4) accept parallel data 
from either of two buses and convert that 
data to serial form. Inputs that control the 
operations include a single-phase CLOCK 
(CL), A DATA ENABLE (AE), ASYNCHRO- 
NOUS/SYNCHRONOUS (A/S), A-BUS-TO- 
B-BUS/2B-BUS-TO-A-BUS (A/B), and PAR- 
ALLEL/SERIAL (P/S). 

Data inputs include 16 bidirectional parallel 
data lines of which the eight A data lines are 
inputs (outputs) and the B data lines are out- 
puts (inputs) depending on the signal level 
on the A/B input. In addition, an input for 
SERIAL DATA is also provided. 

All register stages are D-type master-slave 
flip-flops with separate master and slave 
clock inputs generated internally to allow 
synchronous or asynchronous data transfer 
from master to slave. Isolation from external 
noise and the effects of loading is provided 
by output buffering. 

PARALLEL OPERATION 

A high P/S input signal allows data transfer 


The serial data appears as output data on 
either the B lines (when A/B is high) or the 
A lines (when A/B is low and the AE signal 
is high). 

Register expansion can be accomplished by 
simply cascading CD4034A packages. 

The CD4034A-Series types are supplied in 
24-lead hermetic dual-in-line ceramic pack- 
ages (D and F suffixes), 24-lead dual-in-line 
plastic packages (E suffix), 24-lead ceramic 
flat packages (K suffix), and in chip form (H 
suffix). 


MAXIMUM Absolute-Maximum Values: 



Fig. 1 — Functional diagram. 


’'ALL INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 


OPERATING-TEMPERATURE RANGE (T^): 

PACKAGE TYPES D, F, K, H -55 to +1 25" C 

PACKAGE TYPE E _40 to -h85°C 

DC SUPPLY-VOLTAGE RANGE, (Vqq) 

(Voltages referenced to Vgg Terminal). . -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (Pp) 

FOR T;^ = -40 to +60°C (PACKAGE TYPE E) 500 mW 

FOR T^ = +60 to +85^0 (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

FOR T^ = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR T^ = +100 to +125‘>C (PACKAGE TYPES D. F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T^ = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vpp +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 


into the register via the parallel data lines RECOMMENDED OPERATING CONDITIONS at = 25° C, Except as Noted. 

synchronously with the positive transition For maximum reliability, nominal operating conditions should be selected so diat 

of the clock provided the A/S input is low- operation is always widiin the following ranges: 

If the A/S input is high the transfer is in- 
dependent of the clock. The direction of 
data flow is controlled by the A/B input. 

When this signal is high the A data lines are 
inputs (and B data lines are outputs); a low 
A/B signal reverses the direction of data flow. 

The AE input is an additional feature which 
allows many registers to feed data to a 
common bus. The A DATA lines are enabled 
only when this signal is high. 

Data storage through recirculation of data in 
each register stage is accomplished by mak- 
ing the A/B signal high and the AE signal 
low. 

SERIAL OPERATION 

A low P/S signal allows serial data to transfer 
into the register synchronously with the 
positive transition of the clock. The A/S in- 
put is internally disabled when the register is 
in the serial mode (asynchronous serial opera- 
tion is not allowed). *lf more than one unit is cascaded t^CL should be made less than or equal to the sum of the transition time 

and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 




549 







CD4034A Types 


Features: 


Table I ~ Truth Table for Register Input-Levels and the Resulting Register Operation (L- Low 
Level, H = High Level, X = Don't Care) 


"A" 

Enable 

P/S 

A/B 

A/S 

Operation* 

L 

L 

L 

X 

Serial Mode; Synch. Serial Data Input, "A" Parallel Data Outputs 
Disabled 

L 

L 

H 

X 

Serial Mode; Synch. Serial Data Input, "B" Parallel Data Output 

L 

H 

L 

L 

Parallel Mode; "B" Synch. Parallel Data Inputs, "A" Parallel Data 
Outputs Disabled 

L 

H 

L 

H 

Parallel Mode; "B" Asynch. Parallel Data Inputs, "A" Parallel Data 
Outputs Disabled 

L 

H 

H 

L 

Parallel Mode; "A" Parallel Data Inputs Disabled, "B" Parallel Data 
Outputs, Synch. Data Recirculation 

L 

H 

H 

H 

Parallel Mode; "A" Parallel Data Inputs Disabled, "B" Parallel Data 
Outputs, Asynch. Data Recirculation 

H 

L 

L 

X 

Serial Mode; Synch. Serial Data Input, "A" Parallel Data Output 

H 

L 

H 

X 

Serial Mode; Synch. Serial Data Input, "B" Parallel Data Output 

H 

H 

L 

L 

Parallel Mode; “B" Synch. Parallel Data Input, "A" Parallel Data 
Output 

H 

H 

L 

H 

Parallel Mode; "B" Asynch. Parallel Data Input, "A" Parallel Data 
Output 

H 

H 

H 

L 

Parallel Mode; "A" Synch. Parallel Data Input, "B" Parallel Data 
Output 

H 

H 

H 

H 

Parallel Mode; "A" Asynch. Parallel Data Input, "B" Parallel Data 
Output 


*Outputs change at positive transition of ciock in the serial mode and when the A/S control input is "low” 
m the parallel mode. 



■ Bidirectional parallel data input 
a Parallel or serial inputs/parallel outputs 
a Asynchronous or synchronous 
parallel data loading 
a Parallel data-input enable on 
"A" data lines 

a Data recirculation for register expansion 
a Multipackage register expansion 

a Fully static operation DC-to-5 MHz (typ.) 
AtVDD-Vss=10V 

a Quiescent current specified to 15 V 
a Maximum input leakage current of 1 juA 
at 15 V (full package-temperature 
range) 

a 1-V noise margin (full package-temper- 
ature range) 

Applications: 

a Parallel Input/Parallel Output, 

Parallel Input/Serial Output, 

Serial Input/Parallel Output, 

Serial Input/Serial Output Register 
a Shift right/shift left register 
a Shift right/shift left with parallel loading 
a Address register 
a Buffer register 

a Bus system register with enable parallel 
lines at bus side 
a Double bus register system 
a Up-Down Johnson or ring counter 
a Pseudo-random code generators 
a Sample and hold register (storage, count- 
ing, display) 

a Frequency and phase comparator 


aocK rrru-u-LJTJiJijar^^ 



«r-i r—LJT. 



«l I I I TLT 


T I LTL 


B 9 


67 

66 



J LTU 

l—TLn 


I A DATA 
LINES ARE«^ 
OUTPUTS 


Fig. 3 — Timing diagram. 
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CD4034A Types 


STATIC ELECTRICAL CHARACTERISTICS 


— 

CHARACTERISTICS 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 

UNITS 

D, F, K, H PACKAGES 

E PACKAGE 

Vo 

(V) 

V|N 

(V) 

VqD 

(V) 

-55 

+25 

+125 

-40 

+25 

+85 

TYP. 

LIMIT 

TYP. 

LIMIT 

Quiescent Device 
Current, l|_ Max. 

- 

- 

5 

5 

0.3 

5 

300 

50 

0.5 

50 

700 

mA 

- 

- 

10 

10 

0.5 

10 

600 

100 

1 

100 

1400 

- 

- 

15 

50 

1 

50 

2000 

500 

5 

500 

5000 

Output Voltage: 

Low Level, 

^OL 

_ 

5 

5 

0 Typ.; 0.05 Max 

V 

_ 

10 

10 

0 Typ.; 0.05 Max 

High Level 
^OH 

- 

0 

5 

4.95 Min.; 5 Typ. 

- 

0 

10 

9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low. 

Vnl 

4.2 

- 

5 

1.5 Min.; 2.25 Typ. 

V 

9 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High 

Vnh 

0.8 

- 

5 

1.5 Mih.; 2.25 Typ. 

1 

- 

10 

3 Min.; 4.5 Typ. 

Noise Margin: 

Inputs Low, 

'^NML 

4.5 


5 

1 Min. 

V 

9 

- 1 

10 

1 Min. 

Inputs High, 
'^NMH 

0.5 

- 

5 

1 Min. 

1 

- 

10 

1 Min. 

Output Drive 

Current: 

N-Channel 

(Sink). 

IqN Min. 

0.5 


5 

0.124 

0.2 

0.1 

0.07 

0.124 

0.2 

0.1 

0.07 

mA 

0.5 

- 

10 

0.31 

0.5 

0.25 

0.175 

0.31 

0.5 

0.25 

0.175 

P-Channel 

(Source): 

IpP Min. 

4.5 

_ 

5 

-0.075 

-0.1 

-0.05 

-0.035 

-0.075 

-0.1 

-0.05 

0.C35 

9.5 

- 

10 

-0.188 

-0.25 

-0.125 

■0.088 

-0.188 

-0.25 

■0.125 

0.088 


1 

1 

1 

±10"^ Typ., ±1 Max. 





Fig. 8 — Asynchronous operation propagation delay 
time and transition time. 


Fig. 7 — Typical dissipation characteristics. 
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Fig. 4 - Typical propagation delay time 
toad capacitance. 



Fig. 5 - Typical transition time vs. load 
capacitance. 
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Fig. 6 - Typical dock input frequency vs. 
supply voltage. 


IrCL — 

CLOCK ^ 
INPUT .L 

INPUT*^/ . 


^ Yoo 

t— 50% 

\ (0% , 

50% 

■ ^ It* 


— j [— 'THL ^ Ydd 

4 - 90% 

- \ 4 - 50% 

OUTPUT 

i... 

^ 107. , 


*INPUT REFERS TO ANY OF THE " A** OR “B” DATA INPUTS ."A" ENABL E . 
serial input. A/B, P/S, or a/s INPUTS 

tSLH and !5ml are set-up times 


Fig. 9 — Clock pulse rise and fall times. 


Fig. 10— Synchronous operation propagation 

delay times, transition times, and set-up 
times. 
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CD4034A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 

AtT^= 2^C, Input tf= 20ns, = 15 pF, RL = 200<kQ. 


CHARACTERISTIC 

TEST 

LIMITS 

UNIT 

CONDITIONS 

D, F, K, H 
PACKAGES 

E 

PACKAGE 


'^DD 

(V) 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Propagation Delay 
Time;tpLH,tpHL 


5 

- 

600 

1200 

- 

600 

1200 

ns 

10 

- 

240 

480 

- 

240 

480 

Transition Time; 

^THL' ^TLH 


5 

- 

250 

750 

- 

250 

750 

ns 

10 

- 

100 

300 

- 

100 

300 

Maximum Clock Input 
Frequency, 


5 

1.5 

2.5 

- 

1.5 

2.5 

- 

MHz 

10 

3 

5 

- 

3 

5 

- 

Clock Pulse Width, 

% 


5 

- 

200 

400 

- 

200 

400 

ns 

10 

- 

100 

175 

- 

100 

175 

Min. High-Level 

AE, P/S, A/S 

Pulse Width 


5 

- 

240 

480 

- 

240 

480 

ns 

10 

- 

85 

195 

- 

85 

195 

Clock Rise& FallTime 
t^CL, t^CL* 


5 

- 

- 

15 

- 

- 

15 

p$ 

10 

- 

- 

15 

- 

- 

15 

Data Set-Up Time, 

^S 


5 

- 

250 

500 

- 

250 

500 

ns 

10 

- 

100 

200 

- 

100 

200 

Average Input 
Capacitance, C| 

Any Input 

- 

5 

- 

- 

5 

- 

pF 


*lf more than one unit is cascaded t^CL should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 



Fig. 11 — Noise-immunity test circuit. 



Fig. 12 — Quiescent-device-current test circuit. 


APPLICATIONS 



VENA! 

)LE>— 

. tmtttt 



. ntttnt, 


SERIAL ^ 
DATA ' 


A£\ . 1 

ST ^PARALLEL 
DATA 


— 

AE\_....... _71 

,T "A’PARAtLEL 
DATA 



r: 

CD4034A 

A/S 

“B’PAH^LLEl. 

9/5 r- \ 


r 

C04034A 

'aTPARALLEL 

DATA 

?/$•'■' ' ^ 




OA 

RIAL 

TA 






NOTC 

MEASURE INPUTS 
SEOUCNTIALLV. 

TO BOTH Voo ANOVss 

connect all unused 
INPUTS TO EITHER 
VooORVss 


«!cs-;7«02 


Fig. 14 - 1 G Bit paraiiel in/parallei out, paraiiei Fig. 15 - 16-Bit serial in/gated paraliel out register. Fig. 13 - Input-leakage-current test circuit, 

in/serial out, serial in/parallel out, serial 
in/serial out register. 
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CD4035A Types 


CMOS 4-Stage 
Parallel In/Parallel Out 
Shift Register 

with J-K Serial I nputs and T rue/ 
Complement Outputs 

Features: 

■ 4-Stage clocked shift operation 

■ Synchronous parallel entry on ail 4 stages 

■ jR inputs on first stage 

■ Asynchronous True/Complement control 
on ail outputs 

■ Static flip-flop operation; Master-slave 
configuration 

■ Reset control 

■ Buffered outputs 

■ Low power dissipation — B/iW typ. (ceramic) 

■ High speed — to 5 MHz 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1/iA 
at 15 V (full package-temperature range) 

■ 1-V noise margin (full package-temper- 
ature range) 

The RCA-CD4035A is a four-stage clocked 
signal serial register with provision for 
SYNCHRONOUS PARALLEL inputs to 
each stage and SERIAL inputs to the first 
stage via JK logic. Register stages 2, 3, and 
4 are coupled in a serial D flip-flop config- 
uration when the register is in the serial 
mode (PARALLEL/SERIAL control low). 

Parallel entry via the D line of each reg- 
ister stage is permitted only when the 
PARALLEL/SERIAL control is high. 

In the parallel or serial mode information 
is transferred on positive clock transitions. 

When the TRUE/COMPLEMENT control is 
high, the TRUE contents of the register are 
available at the output terminals. When the 
TRUE/COMPLEMENT control is low, the 
outputs are the complements of the data in 
the register. The TRUE/COMPLEMENT 
control functions asynchronously with re- 
pect to the CLOCK signal. 

JK input logic is provided on the first stage 
SERIAL input to minimize logic require- 
ments particularly in counting and sequence- 
generation applications. With JK inputs 
connected together, the first stage becomes 
a D flip-flop. An asynchronous common 
RESET is also provided. 

These types are supplied in 16-lead hermetic 
dual-in-llne ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


Applications 

■ Counters, Registers 
Arithmetic-unit registers 
Shift left - shift right registers 
Serial-to-parallel/parallel-to-serial conversions 

■ Sequence generation 

■ Control circuits 

■ Code conversion 


MAXIMUM RAIXUGS. Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T^^g) -66 to +150°C 

OPERATING-TEMPERATURE RANGE (T^): 

PACKAGE TYPES D, F. K. H -55 to +125°C 

PACKAGE TYPE E -40 to +85°C 

DC SUPPLY -VOLTAGE RANGE, (Vpj^) 

(Voltages referenced to Vgg Terminal): —0.5 to +15V 

POWER DISSIPATION PER PACKAGE (P^): 

FOR T^ = -40 to +60°C (PACKAGE TYPE E ) 500 mW 

FOR T^ = +60 to +85®C (PACKAGE TYPE E) Derate Linearly at 12mW/°C to 200 mW 

FOR T^ = .55 to +100®C (PACKAGE TYPES D. F, K) ' 500 mW 

FOR T^ = +100 to +125®C (PACKAGE TYPES D, F, K) .... Derate Linearly at 12mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T^ = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) lOOmW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V^,^ +0.5V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 

RECOMMENDED OPERATING CONDITIONS at Ta= 250C, except as noted. 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 




CLK — 


Vdd*I6 

Vss =8 


CD4035A 

4-STAGE REGISTER 


0|/0| Qj/02 O3/O3 Q4/Q4 
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CD4035A 

FUNCTIONAL DIAGRAM 


CHARACTERISTIC 

VdD 

(V) 

— 

LIMITS 



UNITS 

D, F, K, H 
PACKAGES 

E 

PACKAGE 

MIN. 

MAX. 

MIN. 

MAX. 

Supply Voltage Range (For T^ = Full 


3 

1 2 

3 

1 2 

\j 

Package-Temperature Range 







Data Setup Time, tg: 







J/K Lines 

5 

500 

- 

750 

- 



10 

200 

— 

250 

— 










5 

350 

_ 

500 

_ 


Parallel-In Lines 








10 

80 

~ 

100 

— 



5 

335 


500 



Clock Pulse Width, 

10 

165 

- 

250 

- 

ns 


5 


15 


15 


Clock Rise and FallTime, t^CL,t^CL 

10 

- 

5 

- 

5 

JUS 


5 

400 


500 



Reset Pulse Duration, tyy 

10 

175 

- 

200 

- 

ns 
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CD4035A Types 



CHARACTERISTICS 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (‘‘O | 

UNITS 

D, F, K, H PACKAGES 

E PACKAGE 

Vo 

(VI 

V|N 

(V) 

^DD 

(V) 

-55 

+25 

+125 

-40 

+25 

+85 

TYP. 

LIMIT 

TYP. 

LIMIT 

Quiescent Device 
Current, l|^ Max. 

- 

- 

5 

5 

0.3 

5 

300 

50 

0.5 

50 

700 

jtzA 

- 

- 

10 

10 

0.5 

10 

600 

100 

1 

100 

1400 

- 

- 

15 

50 

1 

50 

2000 

500 

5 

500 

5000 

Output Voltage: 

Low Level, 

VoL 

- 

5 

5 

0 Typ.; 0.05 Max 

V 

- 

10 

10 

0 Typ.; 0.05 Max 

High Level 

Vqh 

- 

0 

5 

4.95 Min.; 5 Typ. 

- 

0 

10 

9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low, 

4.2 

- 

5 

1.5 Min.; 2.25 Typ. 

V 

9 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High 

Vnh 

0.8 

- 

5 

1.5 Min.; 2.25 Typ. 

1 

- 

10 

3 Min.; 4.5 Typ. 

Noise Margin: 

Inputs Low, 

^NML 

4.5 

- 

5 

1 Min. 

V 

9 

- 

10 

1 Min. 

Inputs High, 
^NMH 

0.5 

- 

5 

1 Min. 

1 

- 

10 

1 Min. 

Output Drive 

Current: 

N-Channel 

(Sink), 

IpN Min. 

0.5 


5 

0.62 

1 

0.5 

0.35 

0.43 

1 

0.35 

0.24 

mA 

0.5 

- 

10 

1.55 

2.5 

1.25 

0.87 

1.05 

2.5 

0.85 

0.59 

P-Channel 

(Source): 

Ij^P Min. 

4.5 

_ 

5 

-0.31 

-0.5 

-0.25 

-0.17 

-0.2 

-0.5 

-0.18 

-0.12 

9.5 

- 

10 

-0.81 

-1.3 

-0.65 

-0.45 

-0.56 

-0.31 

-0.45 

-0.31 

Input Leakage 
Current, 

'iL' 'iH 

Ar 

ly Ini 

DUt 

15 

±10"^ Typ., ±1 Max. 

iuA 



Fig. 2 — Typical propagation delay time \rs. 
load capacitance. 



Fig. 3 — Typical transition time vs. load 
capacitance. 



Fig. 4 — Typical dock input frequency I's. 
supply voltage. 



Fig. 5 — Typical dynamic power dissipation 
characteristics. 
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CD4035A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 

At = 25°C, Input tptf = 20 ns. Cl = 15 pF, Rl = 200 kQ 


CHARACTERISTICS 




LIMITS 

UNITS 

TEST 

CONDITIONS 

D, F, K, H 
PACKAGES 

E 

PACKAGE 


Vdd 

(VI 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

CLOCKED OPERATION 

Propagation Delay 
Time; 

^PLH'^PHL 


5 

— 

250 

500 

_ 

250 

700 

ns 

10 

- 

100 

200 

- 

100 

300 

Transition Time: 

^THL' ^TLH 


5 

- 

100 

200 

- 

100 

300 

ns 

10 

- 

50 

100 

- 

50 

150 

Minimum Clock 

Pulse Width, 


5 

- 

200 

335 

- 

200 

500 

ns 

10 

- 

100 

165 

- 

100 

250 

Maximum Clock 

Rise & Fall Time 

\CU ^fCL* 


5 

- 

- 

15 

- 

- 

15 

/is 

10 

- 

- 

5 

- 

- 

5 

Minimum SetupTime: 

J/K Lines 


5 

- 

250 

500 

- 

250 

750 

ns 

10 

- 

100 

200 

- 

100 

250 

Parallel-In Lines 


5 

- 

100 

350 

- 

100 

500 

10 

- 

50 

80 

- 

50 

100 

Maximum Clock 
Frequency, f^L 


5 

1.5 

2.5 

- 

1 

2.5 

- 

MH^ 

10 

3 

5 

- 

2 

5 

- 

Input Capacitance, Cj 

Any Input 

- 

5 

- 

- 

5 

- 

pF 

RESET OPERATION 

Propagation Delay 
Time; 

^PHL' VlH 


5 

— 

250 

500 

- 

250 

700 

ns 

10 

- 

100 

200 

- 

100 

300 

Minimum Reset Pulse 
Width /t^ 


5 

- 

200 

400 

- 

200 

500 

ns 

10 

- 

100 

175 

- 

100 

200 


*lf more than one unit is cascaded t^CL should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 





Fig. 6 — Noise-immunity test circuit. 



Fig. 7 — Quiescent-device-current 
test circuit. 


M£>- 

Vss 


NOTE 
MEASURE INPUTS 
SEQUENTIALLY. , 

TO BOTH VoD ANO 
CONNECT ALL UNUSED 
INPUTS TO EITHER 

vdo®’''ss 


Fig. 8 — Input-leakage-current 
test circuit. 







CD4037A Types 


CMOS Triple AND/OR Bi-Phase Pairs 

The RCA-CD4037A consists of three AND/ , i , . 

0 1 10 

OR pairs driven by common control signals i i i i 

A and B. 


Each circuit has a data input (C), and two out- g 

put terminals (D and E) that provide outputs ’ * ' ' * ' ' ^ 

in accordance with the truth table shown in 1 I I I I T 

Fig. 1. The circuit is useful for coding or de- | | | 1 | [ 

coding signals for split-phase (Bi-phase) com- cooing waveforms 

munication systems, magnetic recording, and c— 1 I I I I L 

plated wire and core memory systems. Asep- a 1 [ 1 | 1 | 1 | 

arate N/qc terminal is provided to allow level 

conversiontoany voltage from 3 volts to Vd 0 . ® 

These types are Supplied in 14-lead hermetic o 1 I 1 

dual-in-line ceramic packages (D and F ^ I I i 

suffixes), 14-lead dual-in-line plastic pack- decoding waveforms 

age (E suffix), 14-iead ceramic flat package ^'9- 1 - Coding and decoding waveforms. 

(K suffix), and In chip form (H suffix). 

RECOMMENDED OPERATING CONDITIONS. For maximum reliability, nominal operating 
conditions should be selected to that operation is always within the following ranges: 


PHASE 

MODULATED 

OUTPUTS 


PHASE 

- MODULATED 
DATA 


NRZ 

MPLEMENTARY 

OUTPUTS 



AND/OR PAIR 


CD 4037A «cs-.995,R 

FUNCTIONAL DIAGRAM 


TRUTH TABLE 
INPUT II OUTPUT I 






LIMITS 


CHARACTERISTIC 

VpD 

(V) 

D, F, K, H 
PACKAGES 

E 

PACKAGE 

UNITS 



MIN. 

MAX. 

MIN. 

MAX. 


Supply-Voltage Range (ForT/^= Full 
Package-Temperature Range) 


3 

12 

3 

12 

V 


CAUTION: Vcc VOLTAGE LEVEL MUST BE EQUAL TO OR LESS POSITIVE THAN Vqq 

DYNAMIC ELECTRICAL CHARACTERISTICS 

at T/s^ = 25“C, Input tp tf = 20 ns, C|_= 15 pF, Rl = 200 kJ2 


Features: 

■ Outputs compatible with low-power TTL 
systems. 

■ High sink and source current (1 .6 mA typ.) 
capability at Vqq = Vqq = 10V and 
V[js = 0.5V. 

■ Microwatt quiescent power dissipation: 
pQ = 0.5 )LtW/ceramic pkg. (typ.), Pp = 
2 /iW/plastic pkg. (typ.) at Vpp = 10 V 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 /iA at 
15 V (full package- temperature range) 

■ 1-V noise margin (full package-temperature 
range) 



Applications: 

■ Split-phase (Bi-Phase) communication sys- 
tems. 

■ Disc, drum, and tape digital recording 
systems. 

■ Plated wire and core memory systems. 

■ High-to-low logic level converter. 



92CS-20079 


Fig. 2 — Waveforms for measurement of dynamic 
characteristics. 
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CD4037A Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 


STORAGE-TEMPERATURE RANGE (Tstg) -65 to +1 50 ‘ C 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H -55 to +125“ C 

PACKAGE TYPE E -40 to +85“ C 

DC SUPPLY- VOLTAGE RANGE, (Vdd) 

(Voltages referenced to Vss Terminal) -0.5 to +15 V 


POWER DISSIPATION PER PACKAGE {Pq): 

FOR Ta = -40 to +60“ C (PACKAGE TYPE E) 

FOR Ta = +60 to +85“ C (PACKAGE TYPE E) 

FOR T^ = -55 to +100°C (PACKAGE TYPES D. F, K) 

FOR T^ = +100 to +125°C (PACKAGE TYPES D, F, K) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = full PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) .... 100 mW 


INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0-5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265“ C 


500 mW 

. . Derate Linearly at 12 mW/“ C to 200 mW 

500 mW 

Derate Linearly at 12 mW/“ C to 200 mW 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTERISTICS 

CONDITIONS 

LIMITS AT INDICATED TEMPERATURES (°C) 

UNITS 

D, F, K, H PACKAGES 

E PACKAGE 

Vq 

(V( 

V|N 

(V) 

Vdd 

(V) 

-55 

+25 

+125 

-40 

+25 

+85 

TYP. 

LIMIT 

TYP. 

LIMIT 

Quiescent Device 
Current, lj_ Max. 

_ 

_ 

5 

5 

0.03 

5 

300 

50 

0.1 

50 

700 

/uA 

- 

- 

10 

10 

0.05 

10 

600 

100 

0.2 

100 

1400 

- 

- 

15 

50 

1 

50 

2000 

500 

5 

500 

5000 

Output Voltage: 

Low Level, 

VoL 

- 

5 

5 

0 Typ.; 0.05 Max 

V 

- 

10 

10 

0 Typ.; 0.05 Max 

High Level 
'^OH 

_ 

0 

5 

4.95 Min.; 5 Typ. 

- 

0 

10 

9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low, 

Vnl 

4.2 

_ 

5 

1.5 Min.; 2.25 Typ. 

V 

9 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High 

''nh 

0.8 

- 

5 

1.5 Mih.;2.25 Typ. 

1 

- 

10 

3 Min.; 4.5 Typ. 

Noise Margin: 

Inputs Low, 

^nml 

4.5 

- 

5 

1 Min. 

V 

9 

- 

10 

1 Min. 

Inputs High, 
^NMH 

0.5 

- 

5 

1 Min. 

1 

- 

10 

1 Min. 

Output Drive 

Current: 

N-Channel 

(Sink), 

IpN Min. 

0.5 


5 

0.85 

0.7 

1.2 

0.45 

0.4 

0.35 

0.7 

0.3 

mA 

0.5 

- 

10 

1.3 

1.1 

2 

0.7 

0.65 

0.55 

1.1 

0.45 

P-Channel 

(Source): 

IjjPMin. 

4.5 

- 

5 

-0.65 

-0.55 

-1 

-0.35 

-0.35 

-0.3 

-0.55 

-0.2 

9.5 

- 

10 

-0.9 

-0.75 

-1.6 

-0.45 

-0.5 

-0.4 

-0.75 

-0.3 

Input Leakage 
Current, 

'iL' 'iH 

Ar 

ly Inp 

)Ut 

15 

±10"^ Typ., ±1 Max. 

pA 


For quiescent device current, noise immunity, and input leakage current test circuits see 
“Ratings and Characteristics” at the beginning of the CMOS section. 



Fig. 3 — Typical transition time vs. 
load capacitance. 



Fig. 4 — Typical transition time vs, 
load capacitance. 



Fig. 5 — Typical propagation delay time vs. 
load capacitance. 



Fig. 6 — Typical dissipation characteristics. 
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CD4040A Types 


CMOS 12-Stage 

Ripple-Carry 

Binary Counter/Divider 


The RCA-CD4040A consists of an input- 
pulse-shaping circuit and 12 ripple-carry 
binary counter stages. Resetting the counter 
to the all-O's state is accomplished by a 
high-level on the reset line. A master- 
slave flip-flop configuration is utilized for 
each counter stage. The state of the counter 
is advanced one step in binary order on the 
negative-going transition of the input pulse. 
All inputs and outputs are fully buffered. 

These.types.are supplied In 16-lead hermetic 
dual-in-lfne ceramic packages (D and F 
suffixes), 1 e-lead dual-in-line plastic pack- 
age (E suffix), 1 6-lead ceramic flat package 
(K suffix), and in chip form (H suffix). 


Features: 

■ Medium-speed operation ... 5 MHz (typ.) input pulse 
rate at N/qd — VSS = 10 V 

■ Low output impedance . . . 750 Q (typ.) at VpQ ~ Vss 
= 10 V and Vds = 0.5 V 

■ Common reset ■ Fully static operation 

■ All 12 buffered outputs available 

■ Low-power TTL compatible 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 juA 
at 15 V (full package-temperature range) 

■ 1-V noise margin (full package-temper- 
ature range) 

Applications: 

■ Frequency-dividing circuits 

■ Time-delay circuits ■ Control counters 


RECOMMENDED OPERATING CONDITONS at T^ = 25^0, Except as Noted: 

For maximum reliability, nominal operating conditions should be selected so that operation is 
always within the following ranges : 


CHARACTERISTIC 

VdD 

(V) 

LIMITS 

UNITS 

D, F, K, H 
Packages 

E 

Package 

Min. 

Max. 

Min. 

Max. 

Supply Voltage Range (For 1 - Full 

Package-Temperature Range) 


3 

12 

3 

12 

V 

Input Pulse Width, % 

5 

10 

400 

110 

_ 

500 

125 



ns 

Input-Pulse Frequency, f^ 

5 

10 

dc 

dc 

1.5 

4 

dc 

dc 

1.5 

4 

MHz 

Input-Pulse Rise or Fall Time, 

5 

10 

15 

15 

_ 

15 

15 

— 

/iS 

Reset Pulse Width, t\/y 

5 

10 

1000 

500 

- 

1250 

600 

- 

ns 



COS/MOS PROTECTION 
NETWORK 


* ACTION OCCURS ON NEGATIVE GOING 
TRANSITION OF INPUT PULSE. COUNTER 
ADVANCES ONE BINARY COUNT ON EACH 
NEGATIVE ♦ TRANSITION (4096 TOTAL 
BINARY COUNTS). 


012 — 

!• 

16 

— Vdo 

06 — 

2 

15 

—on 

05-— 

3 

14 

— 010 

07 — 

4 

13 

— 08 

04— 

5 

12 

— 09 

03— 

6 

1 1 

— R 

02 — 

7 

10 

— ♦ 

Vss — 

8 

9 

— 01 



92CS-20747RI 


CD4040A 


TERMINAL DIAGRAM 



7.5 10 

DRAIN - TO - SOURCE VOLTAGE (Vq 5) -V 

92CS-2I5IO 

Fig.2 - Typical output n-channel 
drain characteristics. 


DRAIN- TO -SOURCE VOLTAGE (Vos)- 



AMBIENT TEMPERATURE (T^J-ZB'C 

TYPICAL TEMP COEFFICIENT AT ALL VALUES OF V6s*-0.3%/*C 


Fig.3 - Typical output p-channel 
drain characteristics. 


r — L 

12-STAGE 

RIPPLE COUNTER 

"i ^ 
1 01 

V 

j |7 je k |3 p |4|l3|l2|M|B|l 

1 03 1 05 07 09 on 

02 04 06 08 010 012 

V ' 


Vss-8 

VoD *16 


12 BUFFERED OUTPUTS 

92CS -20522 


92CM-20748R3 


Fig.4 — Functional diagram. 


Fig. 1 — Logic diagram of CD4040A input pulse shaper and 1 of 12 stages. 
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CD4040A Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE ITj^g) -65 to +150°C 

OPERATING-TEMPERATURE RANGE (T^): 

PACKAGE TYPES D, F. K. H _55 to +125°C 

PACKAGE TYPE E -40 to -^85°C 

DC SUPPLY-VOLTAGE RANGE, (Vqq) 

(Voltages referenced to Vgg Terminal) —0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (Pq). 

FOR T^= -40 to +60°C (PACKAGE TYPE E ) 500 mW 

FOR T^= -^60 to +85°C (PACKAGE TYPE E|) Derate Linearly at 12 mW/^C to 200 mW 

FOR Ty^ = -55 to +100°C (PACKAGE TYPES D.F.K) 500 mW 

FOR T^ = +100 to +125°C (PACKAGE TYPES D, F. K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T^ = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to V^q +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1 /32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 

Conditions 

Limits at Indicated Temperatures (°C) 

Units 

D, F, K, H Packages 

E Package 

Vo 

(V) 

V|N 

(V) 

< 
< o 

D 

-55 

+25 

+125 

-40 

+25 

+85 

Typ. 

Limit 

Typ. 

Limit 

Quiescent Device 
Current, 

!(_ Max. 

- 

- 

5 

15 

0.5 

15 

900 

50 

1 

50 

700 

ma 

- 

- 

10 

25 

1 

25 

1500 

100 

2 

100 

1400 

- 

- 

15 

50 

2.5 

50 

2000 

500 

5 

500 

5000 

Output Voltage: 
Low-Level, 

VOL 

_ 

H 

m 

0 Typ.; 0.05 Max. 

V 

- 

■a 

wm 

OTyp.; 0.05 Max. 

High-Level 

vqh 

- 

0 

5 

4.95 Min.; 5 Typ. 

- 

0 

wm 

9.95 Min.; 10 Typ. 

Noise 1 mmunity : 
Inputs Low, 

vnl 

1 

■ 

m 

1.5 Min.; 2.25 Typ. 

1 

9 

- 

Kl 

3 Min.; 4.5 Typ. 

Inputs High, 

vnh 

0.8 

- 


1.5 Min.; 2.25 Typ. 

1 

- 

10 

3 Min.; 4.5 Typ. 

Noise Margin: 
Inputs Low, 

vnml 

1 

_ 

■ 

1 Min. 


1 

- 

10 

1 Min. 

Inputs High, 

vnmh 

^1 

- 

5 

1 Min. 

1 

- 

■1 

1 Min. 

Output Drive 
Current: 

N-Channel 

(Sink). 

IqN Min. 

0.5 


5 

0.22 

0.36 

0.145 

0.102 

0.21 

0.36 

0.08 

0.056 

1 


- 

IB 



iB 

0.250 

0.42 



llIQI 

P-Channel 

(Source): 

IpP Min. 

■ 

■ 

H 



-0.1 

-0.07 

-0.15 

-0.25 

-0.06 

-0.04 



IB 

gigijy 



-0.175 

-0.29 

-0.5 


om 

Input Leakage 
Current, 

l|L. IiH 

Any Input 

±10 ^ Typ., ±1 Max. 

pA 

- 

_ 

15 



Fig.5 — Minimum output n-channel 
drain characteristics. 

DRAIN -TO -SOURCE VOLTAGE (Vqs)— V 



Fig. 6 — Min imp m output p-channel 
drain characteristics. 



Fig. 7 - Typical propagation delay time vs. 
toad capacitance (per stage). 



Fig.8 — Typical transition time vs. load 
capacitance. 
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CD4040A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T^ = 25^C, Input tp tf = 20 ns, 

CL = 15pF, Rl = 200 kn 


Characteristic 


LIMITS 

Units 

Test Conditions 

D, F, K, H 
Packages 

E 

Package 


vdd 

(V) 


IHS 

Max. 

Min. 

Typ. 

Max. 

Input-Pulse Operation \ 

Propagation Delay 
Time, 

tPLH,tpHL* 


B 

_ 

450 


_ 


950 

ns 

10 

- 

1^^ 


- 

JESk 

475 

Transition Time, 

tTHL^tTLH 


5 

- 


Kilil 

- 

150 

350 

ns 

■El 

- 

ma 


- 

B 

175 

Maximum Input-Pulse 
Frequency, f0 


5 


109 

- 

m 

m 

- 

my 

■I 

4 

6 

- 

4 

6 

- 




- 

200 

400 

_ 

200 

500 

ns 

m 

- 

B 

110 

- 

B 

125 

Input-Pulse Rise & 

Fall Time, 



- 

- 

B 

- 

- 

B 

B 

lEI 

- 

- 

B 

IB 

_ 

B 

Average Input 
Capacitance, C| 

Any Input 


- 

5 

- 

- 

5 

- 

pF 

1 Reset Operation \ 

Propagation Delay 

Time, tpHL* 



- 

500 


- 



ns 

10 

- 


500 

- 



Minimum Reset 

Pulse Width, % 


5 

_ 

500 

1000 

— 

500 

1250 

ns 

10 

- 

250 

500 

- 

250 

600 


• Measured from the 50% level of the negative 
input pulse edge to the 50% level of either 
the positive or negative edge of the Q1 out- 
put (pin 9); or measured from the nega- 
tive edge of Q1 through Q11 outputs to 
the positive or negative edge of the next 
higher output. 


A Maximum input rise or fall time for func- 
tional operation. 

* Measured from the positive edge of the re- 
set pulse to the negative edge of any output 
*{Q1 to Q12). 




Fig. 10 — Typical input-pulse frequency 
vs. supply voltage. 



MD* 

Vss 


T 

Vss 


NOTE 

MEASURE INPUTS 
SEOUENTIALLT, 

TO BOTH Vqo ANOVss 
CONNECT ALL UNUSED 
INPUTS TO either 
VoqONVss 


»2CS- J740Z 


Fig. 11- Noise-immunity test circuit. 


Fig. 12 — Quiescent-device-current test circuit. 


Fig. 13 — I nput-ieakage-current test circuit. 


560 































CD4041A Types 


resistor-network driver for A/D and D/A 
conversion, as a transmission-line driver, and 
in other applications where high noise im- 
jnunity and low-power dissipation are pri- 
mary design requirements. 

These types are supplied in 14-lead hermetic 
The RCA-CD4041A types are quad true/ dual-in-line ceramic packages (D and F 

complement buffers consisting of n- and suffixes), 14-lead dual-m-liiie plastic pack- 

p-channel units having low channel resistance age (Esuffix), 14-lead cerajnic flat packages 

and high current (sourcing and sinkingicapa- suffix), and in chip form (H suffix), 

bility. The CD4041A is intended for use as 
a buffer, line driver, or COS/M OS-to-TTL 
driver. It can be used as an ultra-low power 

MAXIMUM RATINGS, Absolute-Maximum Values: 


STORAGE-TEMPERATURE RANGE (Tjjg) -66 to +150°C 

OPERATING-TEMPERATURE RANGE (T^): 

PACKAGE TYPES D. F, K, H -55 to -H25°C 

PACKAGE TYPE E _40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (Vp^), 

(Voltages referenced to ^SS Terminal) — 0.BtO+15V 

POWER DISSIPATION PER PACKAGE (Pp): 

FOR Ta= - 40 to -t-eO^C (PACKAGE TYPE E) 500 mW 


FOR T^- +60 to +85°C (PACKAGE TYPE E|) Derate Linearly at 12 mW/°C to 200 mW 

FOR T^ = -55 to +100°C (PACKAGE TYPES D. F, K) 500 mW 

FOR T^ = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T^ = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vpp +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1 /32 inch (1 .59 ± 0.79 mm) from case for 10 s max +265°C 


CMOS Quad 
T rue/Complement 
Buffer 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following range: 


CHARACTERISTIC 

LIMITS 

Min. I Max. 

UNITS 

Supply Voltage Range (For = Full Package 

Temperature Range) 

3 

12 

V 





True Output 

■ High current source and sink capability 

8 mA (typ.) @ Vps = 0.5 V, VpD = 10 V 
3.2 mA (typ.) @ Vps = 0.4 V, VpD = 5 V 
(two TTL loads) 

Complement Output 

■ Medium current source and sink capability 

3.6 mA (typ.) @ Vps = 0.5 V, Vqd = 10 V 

1.6 mA (typ.) @ Vqs = 0.5 V, Vdd = 5 V 

■ Quiescent current specified to 15 V 

■ Maximum input peakage of 1 /iA at 15 V 
(full package-temperature range) 

■ 1-V noise margin (full package temperature 
range) 

Applications: 

■ High current source/sink driver 

■ CMOS-to-DTL/TTL Converter 

■ Display driver 

■ MOS clock driver 

■ Resistor network driver 
(Ladder or weighted R) 

■ Buffer 

■ Transmission line driver 


Fig. 1 — CD4041A schematic diagram. 




CD4041A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T^ = 250C and C|_ = 15 pF, Rl = 200 kfi 



TEST 

LIMITS 


CHARACTERISTIC 

CONDITIONS 

D,F,K,H 

E 


UNITS 


Vdd 

Packages 

Package 



(Volts) 

TYP. 

MAX. 

TYP. 

MAX. 


Propagation Delay Time: 

True 

5 

65 

115 

65 

140 

ns 

High-to-Low Level 

Output 

10 

40 

75 

40 

100 

tPHL 

Comp. 

5 

■^yi 

100 



ns 

Output 

10 

30 

45 

30 

65 


True 

5 

75 

125 

75 

150 

ns 

Low-to-High Level 

Output 

10 

45 

75 

45 

100 

^PLH 

Comp. 

5 

mm 

100 

mm 

125 



Output 

10 

25 

50 

25 

60 

ns 

Transition Time: 

True 

5 


40 

20 

60 


High-to-Low Level 

Output 

10 


25 

13 

40 

ns 

^THL 

Comp. 

5 

40 

60 

40 

80 

ns 

Output 

10 

25 

40 

25 

50 


True 

5 

20 

40 

20 



Low-to-High Level 

Output 

10 

13 

25 

■a 

40 


^TLH 

Comp. 

5 

K9 

55 

35 

75 

ns 

Output 

10 



25 

50 

Input Capacitance C| 

Any Input 


5 

- 

5 



__J 

pF 




Fig. 10 — Minimum and maximum transfer charac- 
teristics — true output. 


Fig. 11 — Minimum and maximum transfer charac- 
teristics — complement output. 




Fig. 13 - Typical high-to-low level transition 
time vs. C/_ — complement output. 


Fig. 14 - Typical low-to-high level propagation 
delay time vs. Ci^ — true output. 



0 S 10 15 

DRAIN -TO-SOORCE VOLTAGE (VqsI-V 


92CS- 20042 

Fig.8 — Minimum output n-channel drain charac- 
teristics —complement output. 



Fig.9 — Minimum output p-channe! drain charac- 
teristics — complement output 



10 20 30 40 SO 60 70 80 90 

LOAD CAPACITANCE (C|_)-PF 

92CS- 20046 


Fig. 12 — Typical transition time 
Ci_ — true output. 



10 20 30 40 so 60 70 80 90 


LOAD CAPACITANCE (Cl) -PE 

92CS -20049 

Fig. 15 — Typical low-to-high level propagation 

delay time vs. Ci_ — complement output. 
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IN- TO- SOURCE VOLTAGE (Vqs)-' 


ORAIN-TO-SOURCE VOLTAGE IVosl-V 


Fig.5 — Typical output p-channel drain charac- 
teristics — complement output. 


Fig. 6 — Minimum output n-channef drain charac- 
teristics — true output. 


Fig. 7 — Minimum output p-channel drain charac- 
teristics — true output. 















CD4041A Types 



Fig. 16 — Typical power dissipation us. 
frequency per output pair. 



Fig. 17 — Typical power dissipation vs. input Fig. 18 — Quiescent device current test circuit, 

rise & fall time per output pair. 



92CS-27402 


Fig. 19 — Noise immunity test circuit. 


Fig. 20 — Input leakage current test circuit. 
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CD4042A Types 


CMOS Quad Clocked 

The RCA-CD4042A types contain four latch 
circuits, each strobed by a common clock. 
Complementary buffered outputs are availa- 
ble from each circuit. The Impedance of the 
n- and p-channel output devices is balanced 
and all outputs are electrically identical. 
Information present at the data input Is 
transferred to outputs Q and Q during the 
CLOCK level which is programmed by the 
POLARITY input. For POLARITY = 0 the 
transfer occurs during the 0 CLOCK level 
and for POLARITY = 1 the transfer occurs 
during the 1 CLOCK level. The outputs 
follow the data input providing the CLOCK 


“D” Latch 

and POLARITY levels defined above are 
present. When a CLOCK transition occurs 
(positive for POLARITY = 0 and negative 
for POLARITY = 1) the information present 
at the Input during the CLOCK transition is 
retained at the outputs until an opposite 
CLOCK transition occurs. 

These types are supplied in 1 6 -lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16 -lead dual-in-line plastic pack- 
age ( E suffix), 1 6 -lead ceramic flat package 
(K suffix), and in chip form (H suffix). 


MAXIMUM Absolute-Maximum Values: 


D| 

D 

D 

G 

G 

0| ^ - 



02 



03 



n 11 


- 

Q3 n r 

n 1 



0.5 

{J ID 






POLARITY 
£ r\ .. 


92CS- 20191 

J42A 

AL DIAGRAM 

Vdd of 

VssO — 

CD4( 

FUNCTION 


STORAGE-TEMPERATURE RANGE (Tstg) . 
OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPES D, F, K, H 

PACKAGE TYPE E 

DC SUPPLY-VOLTAGE RANGE, (Vdd) 
(Voltages referenced to Vss Terminal): . . . 


.-65 to-i-150°C 

.-55 to-H25°C 
. -40to+85°C 

. -0.5 to -1-15 V 


POWER DISSIPATION PER PACKAGE {Pq): 

FOR Ta = -40 to -H60°C (PACKAGE TYPE E) 500 mW 

FOR Ta = +60 to -^85 C (PACKAGE TYPE E ) Derate Linearly at 12 mW/°C to 200 mW 

FOR Ta = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR Ta = +100 to ■|■125®C (PACKAGE TYPES D, F, K) . . .Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS _0.5 to Vqd +0-5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ±1/32 inch (1.59 ±0.79 mm) from case for 10 s max +265°C 

DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C, Input t^ , tf = 20 ns. Cl = 15 pF, 


Rl = 200 K^2 


CHARACTERISTIC 

Vdd 

(V) 

LIMITS 

UNITS 

D, F, K, H 
Packages 

£ 

Package 

Typ. 

Max. 

Typ. 

Max. 

Propagation Delay 

TimeitpHb tPLH 

Data In to Q 

5 

10 

150 

75 

300 

150 

150 

75 

400 

200 

ns 

Data In to Q 

5 

10 

250 

100 

500 

200 

250 

100 

600 

250 

ns 

Clock to Q 

5 

10 

300 

125 

600 

250 

300 

125 

750 

300 

ns 

Clock to Q 

5 

10 

400 

175 

800 

350 

400 

175 

1000 

400 

ns 

Transition Time: 
tTHL.tTLH 

5 

10 

100 

50 

200 

100 

100 

50 

300 

150 

ns 

Minimum Clock 

Pulse Width, tyy 

5 

10 

175 

60 

250 

120 

175 

60 

350 

175 

ns 

Minimum Hold 

Time, tH 

5 

10 

150 

60 

300 

120 

150 

60 

350 

150 

ns 



0 

0 

50 

30 

0 

0 

50 

30 

ns 

Minimum Clock Rise 
or Fall Time: tr , tf 

10 

Not rise or fall time sensitive. 

MS 

Input Capacitance, C| 

(Any Input) 

- 

5 

■ 


!■ 

pF 


Features: 

■ Clock polarity control 

■ Q and Q outputs 

■ Common clock 

■ Low power TTL compatible 

■ Quiescent current specified to 15 V 

■ Maximum input leakage of 1 /lA at 15 V 
(full package-temperature range) 

■ 1-V noise margin (full package-temperature 
range) 

Applications: 


■ Buffer storage 

■ Holding register 

■ General digital logic 



SEsa 

PQLARITY 

Q 

0 

0 

D 


0 

Qjjyism 

1 

1 

■BM' 


1 



Fig. 1 - Logic block diagram & truth table. 
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CD4042A Types 


RECOMMENDED OPERATING CONDITIONS at *= 25°C. Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 


Supply-Voltage Range 
(For Ta = Full Package 
Temperature Range) 


Clock Pulse 
Width, tw 


Setup Time, ts 


Hold Time, t^ 


Clock Rise or Fall 
Time: tp, tf 


STATIC ELECTRICAL CHARACTERISTICS 
Conditions ^ 


Characteristic 


Limits at Indicated Temperatures ( C) 
D, F, K, H Packages I 


.125 - 40 ' "25 

Typ. Limit 


Quiescent Device 
Current, II Max. 


Output Voltage: 
Low-Level, 

vql 

High Level, 
VOH 


Noise Immunity: 
Inputs Low, 

Vnl 


Inputs High, 

Vnh 


Noise Margin: 
Inputs Low, 

vnml 


Inputs High, 

vnmh 


0 Typ.; 0.05 Max. 


OTyp.; 0.05 Max. 


4.95 Min.; 5 Typ. 


9.95 Min.; 10 Typ. 


1.5 Min.; 2.25 Typ. 


3 Min.; 4.5 Typ. 


1.5 Min.; 2.25 Typ. 


3 Min.; 4.5 Typ. 


1 Min. 


Output Drive 
Current: 
n-Channel 
(Sink), 

IpN Min. 


p-Channel 
(Source), 
IqP Min. 


Input Leakage 
Current, 
l|L, l|H Max. 



AMBIENT TEMPERATURE (T*) • 25*C 

TYPICAL TEMPERATURE COEFFICIENT FOR Ip— 0.3%/*C 


HGATE -TO -SOURCE VOLTAGE (Vos)' 



!■■ ■ m t 

!:sEia! 


■■■■■■■■■■■■■■■■ 

IMII 

11331 


!■■■■■■ 

jSSSSb* 

■■■■■■■ 


■■■■■■ 

■■■■■■ 




10 12.5 15 

DRAIN - TO - SOURCE VOLTAGE <Vos)-V 

92CS-20ie6Rt 


Fig. 2 — Typical output n-channel drain 
characteristics. 


DRAIN - TO - SOURCE VOLTAGE (Vps) —V 




SSSSSSSrIn 


■■■■■■■■■■■■■a 



■■■■■■■■■■■■■a 

BaaaaaaifBMB* 

■«■■■■■■■■ 

ssssssscs 

BBIBBa 

BaaaBB 

aaBBaa 

eaa laa 

BBB IBB 

BBB.fBB 

BBBi'aa 

aaar 

Bar.# 

r^B'j 

B^aa 

r.aaa 

aaai 

bbbI 

Baal 

bbbI 

aaal 

bbbI 



H CATE - TO - SOURCE VOLTAGE 1 yfa 


AMBIENT TEMPERATURE (T^HES'C * C 

TYPICAL TEMPERATURE COEFFICIENT FOR Id*-0.3%/»C 


Fig. 3 - Typical ou^ut p-channel dram 
characteristics. 




AMBIENT TEMPERATURE (T^) > 25*C 
I TYPICAL TEMPERATURE COEFFICIENT FOR Ip • -0.3% /‘C 


DRAIN - TO - SOURCE VOLTAGE IVps) 

92CS- 20148 

Fig. 4 — Minimum n-channel drain characteristics. 


DRAIN - TO - SOURCE VOLTAGE (Vos)~V 
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POWER DISSIPATION / DEVICE (P|))-/illf 


CD4042A Types 



NOTES: 

I. FOR POSITIVE CLOCK EDGE, INPUT DATA IS LATCHED WHEN 
POLARITY IS LOW. 



CLOCK FREQUENCY (IclI — Hz 


Fig. 11 — Typical dissipation characteristics. 



• I AMBIENT TEMPERATURE (T*) ■ 25*C 


LOAD CAPACITANCE (Cl) — pF 

92CS-276S 

Fig. 7 - Typical propagation delay time vs. 
load capacitance— data to Q. 


LAMBIENT TEMPERATURE (Ta)-25*C 



LOAD CAPACITANCE (Cl) — pF 

92CS-27633 

Fig. 9 — Typical propagation delay time vs. load 
capacitance - dock to Q. 





nil plilllllllllllillllll 


I i 


Fig. 8 — Typical propagation delay time vs. load 
capacitance — data to Q. 


I AMBIENT TEMPERATURE (Ta)*25*C 





LOAD CAPACITANCE (Cl) - pF 

92CS-2T634 

Fig. 10 — Typical propagation delay time vs. load 
capacitance — dock to Q. 



j NOTE 

Vss TEST ANY COMBINATION 


Fig. 12 — Quiescent device current test circuit. 


Fig. 13 — Noise immunity test circuit. 





MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH Voo and Vss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 


Fig. 14 — Input leakage current test circuit. 
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CD4043A, CD4044A Types 


CMOS Quad 3-State 
R/S Latches 

Quad NOR R/S Latch - CD4043A 
Quad NAND R/S Latch - CD4044A 

The RCA-CD4043A types are quad cross- 
coupled 3-state CMOS NOR latches and the 
CD4044A types are quad cross-coupled 
3-state CMOS NAND latches. Each latch 
has a separate Q output and individual SET 
and RESET inputs. The Q outputs are con- 
trolled by a common ENABLE input. A log- 
ic "1" or high on the ENABLE input con- 
nects the latch states to the Q outputs. A 
logic "0" or low on the ENABLE input 
disconnects the latch states from the Q out- 
puts, resulting in an open circuit condition 
on the Q outputs. The open circuit feature 
allows common busing of the outputs. The 
logic operation of the latches is summarized 
In the truth table shown in Fig. 1 . 

These types are supplied in 1 6-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 



Applications: 

■ Holding register in multi- . 
register system 

■ Four bits of independent 
storage with output ENABLE 

■ Strobed register 

■ General digital logic 


MAXIMUM RATINGS, Aibso/ute-Afax/Vnum Values: 

STORAGE-TEMPERATURE RANGE (Tstg) -65 to +150®C 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H -55 to +125°C 

PACKAGE TYPE E -40 to ■^85®C 

DC SUPPLY-VOLTAGE RANGE, (Vdd) 

(Voltages referenced to Vss Terminal): -0.5 to ■H5 V 

POWER DISSIPATION PER PACKAGE (Pq): 

FOR Ta “ -40 to +60°C (PACKAGE TYPE E ) 500 mW 

FOR Ta = +60 to +85°C (PACKAGE TYPE E ) Derate Linearly at 12 mW/°C to 200 mW 

FOR T^ = -55 to -H00“C (PACKAGE TYPES D, F, K) 500 mW 

FOR = +100 to +125‘’C (PACKAGE TYPES D, F, K) . . .Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0-5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ±1/32 inch (1.59 ±0.79 mm) from case for 10 s max +265°C 


RECOMMENDED OPERATING CONDITIONS at T^ = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 




Features: 


■ 3-Level outputs with common 
output ENABLE 

■ Separate SET and RESET inputs 
for each latch 

■ NOR and NAND configurations 

■ Quiescent current specified to 15 V 

■ Maximum input leakage of 1 juA at 15 V 
(full package-temperature range) 

■ 1-V noise margin (full package-temperature 
range) 

CD4043A-N0R 


I ONE OF FOUR LATCHeT"] 



92CS-202II ALL INPUTS ARE PROTECTED BY 

COS/MOS PROTECTION NETWORK. 

9ZCS-22887RI 

CD4044A-NAND 


f~ ONE OF FOUR LATCHES*! 



*0PEN CIRCUIT 
+ NO CHANGE 

AA DOMINATED BY R*0 INPUT 


92CS-20212 

F/g. 1 - Logic diagrams and truth tables. 
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CD4043A, CD4044A Types 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 

Conditions 

Limits at Indicated Temperatures (°C) | 

Units 

D, F, K, H Packages 

E Package 

Vo 

(V) 

V|N 

(V) 

Vdd 

(V) 

-55 

+25 

+125 

-40 

+25 

+85 

Typ. 

Limit 

Typ. 

Limit 

Quiescent Device 
Current, II Max. 

- 

- 

5 

1 

0.005 

1 

60 

10 

0.01 

10 

140 

llA 

- 

- 

10 

2 

0.005 

2 

120 

20 

0.02 

20 

280 

- 

- 

15 

25 

0.25 

25 

1000 

250 

2.5 

250 

2500 

Output Voltage: 
Low-Level, 

VOL 

- 

0,5 

5 

0 Typ.; 0-05 Max. 

V 

- 

0,10 

10 

0 Typ.; 0.05 Max. 

High Level, 

VOH 

- 

0,5 

5 

4.95 Min.; 5 Typ. 

- 

0,10 

10 

9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low, 

vnl 

4.2 

- 

5 

1.5 Min.; 2.25 Typ. 

V 

9 

_ 

10 

3 Min.; 4.5 Typ. 

Inputs High, 

Vnh 

0.8 

- 

5 

1.5 Min.; 2.25 Typ.; 

1 

- 

10 

3 Min.; 4.5 Typ. 

Noise Margin: 
Inputs Low, 

vnml 

4.5 

- 

5 

1 Min. 

V 

9 

_ 

10 

1 Min. 

Inputs High, 

vnmh 

0.5 


5 

1 Min. 

1 

- 

10 

1 Min. 

Output Drive 
Current: 
n*Channel 
(Sink), 

IqN Min. 

0.5 

- 

5 

0.25 

0.5 

0.2 

0.19 

0.12 

0.5 

0.1 

0.09 

mA 

0.5 

- 

10 

0.61 

1 

0.5 

0.35 

0.3 

1 

0.25 

0.22 

p-Channel 

(Source), 

loRMin. 

4.5 

— 

5 

-0.22 

-0.5 

-0,175 

-0.12 

■0.11 

-0.5 

-0.09 

-0.08 

9.5 

- 

10 

-0.5 

-1 

-0.4 

-0.28 

■0.24 

-1 

-0.2 

-0.18 

Input Leakage 
Current, 

•ILt I|H 

Any 

input 

15 

±10-5 jyp . ±1 Max. 

/iA 


DYNAMIC ELECTRICAL CHARACTERISTICS at T^ = 25°C; Input t^ tf = 20 ns. Cl = 15 pF, 

RL = 200k^2 


CHARACTERISTIC 

Vdd 

(V) 

LIMITS 

UNITS 

D, F. K, H 
Packages 

E 

Package 

Typ. 

Max. 

Typ. 

Max. 

Propagation Delay 

5 

175 

350 

175 

400 


Time: tpy\\_, tpm 






ns 

SET or RESET to Q 

10 

75 

175 

75 

200 


3-State Propagation Delay 

Time: ENABLE to Q 

5 

100 

200 

100 

200 

ns 

*PHZ ' tpZH 

10 

50 

100 

50 

100 



5 

80 

160 

80 

160 


tPLZ- tPZL 

10 

40 

80 

40 

80 

ns 

Transition Time: 

5 

100 

200 

100 

250 


^THU tPLH 

10 

50 

100 

50 

125 


Minimum SET or RESET 

5 

80 

200 

80 

225 


Pulse Width, ty\/ 

10 

40 

100 


110 


Average Input Capacitance, C| 



__ 


[■IH 

pF 

(Any Input) 


o 

■1 

5 

■B 



DRAIN -TO -SOURCE VOLTAGE (VosI — V 


92CS-202IS 

Pig 2 _ Typical ou tpu t n-channei drain 
characteristics. 


DRAIN-TO-SOURCE VOLTAGE IVos) — V 


-15 -lO -5 0 



92CS-20ZI< 

Fig- 3 — Typical output p-channei drain 
characteristics. 



0 5 lO IS 

ORAIN-TO-SOURCE VOLTAGE (Vog)— V 

92CS-Z02I7 


Fig. 4 _ Minimum n-channei drain characteristics. 


DRAIM-TO- SOURCE VOLTAGE (Vos)— V 
-I5 -lO -5 0 



92CS-202ia 

Fig. 5 — Minimum p-channei drain characteristics. 
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CD4043A, CD4044A Types 





Fig. 8 — Typical dissipation characteristics. 




NOTE 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH Vqo ANOVss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
VodORVss 


92CS-2r«02 

Fig. 11 - input leakage current test circuit. 



^ss 



92CS-27S97 

Fig. 12 — ENABLE propagation delay time test circuit and waveforms. 

APPLICATIONS 



92CS-20209H1 


Fig. 13 — Switch bounce eliminator. 
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CD4045A Types 


CMOS 21 -Stage Counter 


The RCA-CD4045A is a timing circuit con- 
sisting of 21 counter stages, two output- 
shaping flip-flops, two inverter output 
drivers, three 5.5-V zener diodes (providing 
transient protection at 16.5 V), and input 
inverters for use in a crystal oscillator. The 
CD4045A configuration provides 21 flip- 
flop counting stages, and two flip-flops for 
shaping the output waveform for a 3.125% 
duty cycle. Push-pull operation is provided 
by the inverter output drivers. 

The first inverter is intended for use as a 
crystal oscillator/amplifier. However, it may 
be used as a normal logic inverter if desired. 
A crystal oscillator circuit can be made less 
sensitive to voltage-supply variations by the 
use of source resistors. In this device, the 
sources of the p and n transistors have been 
brought out to package terminals. If external 
resistors are not required, the sources must 
be shorted to their respective substrates (Sp 
Vpp, Sn to V53). See Fig. 3. 


These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 1 6-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 

Applications: 

■ Digital equipment in which ultra-low 
dissipation and/or operation using a 
battery source are primary design 
requirements. 

■ Accurate timing from a crystal 
oscillator for timing applications 
such as wall clocks, table clocks, 
automobile clocks, and digital 
timing references in any circuit 
requiring accurately timed outputs 
at various intervals in the counting 
sequence. 

■ Driving miniature synchronous motors, 
stepping motors, or external bipolar 
transistors in push-pull fashion. 



Features: 

■ Microwatt quiescent dissipation 

2.5 juW (typ.) @ Vpp = 5V; 
lOjuW (typ.)© VpD = 10 V 

■ Very low operating dissipation 

1 mW (typ.); @ Vpp = 5 V, f0 = 1 MHz 

■ Output drivers with sink or source 

capability 

7 mA (typ.) @ Vp = 0.5 V, 

Vpp = 5 V (sink) 

5 mA (typ.) @ Vp = 4.5 V, 

Vdd * 5 V (source) 

■ Medium speed (typ.) 

f0 == 5 MHz @ Vpp = 5 V 
f0=1OMHz@Vpp=lOV 

■ 16.5 V zener diode transient protection 
on chip for automotive use 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 /xA 
at 15 V (full package-temperature range) 

■ 1-V noise margin (full package-temper- 
ature range) 


NOTEl: To minimize power dissipation in the 
zener diodes, and to ensure device 
dissipation less than 200 mW, a 150 ^2 
current-limiting resistor must be placed 
in series with the power supply for 
Vdd>13V. 


NOTE 2: Observe power-supply terminal connec- 
tions, Vdd terminal No. 3 and Vss 
terminal No. 14 (not 16 and 8 respec- 
tively, as in ail other CD4000A Series 
16-lead devices). 


MAXIMUM RATINGS, A/jso/ute-Afax/mtym Values: ^ 

STORAGE-TEMPERATURE RANGE (Tjtg) “65 to +150 C 

OPERATING-TEMPERATURE RANGE (Ta): ^ 

PACKAGE TYPES D, F, K, H -55 to +125^0 

PACKAGE TYPE E -40 to +85 C 

DC SUPPLY-VOLTAGE RANGE, (Vdd) 

(Voltages referenced to V 5 S Terminal): —0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (Pd): 

FOR Ta= -40 to +60 °C (PACKAGE TYPE E ) ^ .. .500 mW 

FOR Ta= +60 to +85°C (PACKAGE TYPE E ) Derate Linearly at 12 mW/°C to 200 mW 

FOR Ta = -55 to +100‘’C (PACKAGE TYPES D, F, K) 500 mW 

FOR Ta = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta= full package-temperature range (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS ' -0.5 to Vdd +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): ^ 

At distance 1/16 ±1/32 inch (1.59 ±0.79 mm) from case for 10 s max +265 C 


RECOMMENDED OPERATING CONDITIONS at Ta = 25°C. Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

Vdd 

(V) 

LIMITS 

UNITS 

D, F, K, H 
Packages 

E 

Package 

Min. Max. 

Min. 

Max. 

Supply-Voltage Range (ForTA=Full 
Package-Temperature Range) 


3 

12 

3 

12 

V 

Input-Pulse Width, t^ 

5 

10 

115 

60 

_ 

140 

75 



ns 

Input-Pulse Frequency, f0 

5 

10 

dc 

dc 

4.4 

8.5 

dc 

dc 

3.5 

6.5 

MHz 

Input-Pulse Rise or Fall Time, tp0 , tf0 

5 

10 

— 

15 

10 

- 

15 

10 

jws 
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CD4045A Types 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 

Conditions 

Limits at Indicated Temperatures Cc) 

Units 

D, F, K, H Packages 

E Package 


V|N 

(V) 



+25 

+125 

-40 

+25 

+85 


Typ. 

Limit 

Typ. 

Limit 

Quiescent Device 
Current II Max. 

- 

- 


m 

liU 

15 

iEEl 

ESI 

1 

El 

BBI 

iuA 

- 

- 

lEI 

m 

1 

Bl 

IS 

IBBl 

B 

nBi 

1031!] 

- 

- 

m 

m 

D 

ESI 


EBBl 

m 

@9 

EW 

Output Voltage: 
Low- Level, 

VOL 

- 

5 

5 

0 Typ.; 0.05 Max. 

V 

- 

10 

10 

0 Typ.; 0.05 Max. 


- 

O 

5 

4.95 Min.; 5 Typ. 

- 

0 

o 

9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low, 

vnl 

a 

- 

B 

1.5 Min.; 2.25 Typ. 


D 

- 

Bl 

3 Min.; 4.5 Typ. 

Inputs High 

vnh 


- 

5 

1.5 Min.; 2.25 Typ. 

1 

- 

10 

3 Min.; 4.5 Typ. 


la 

- 

5 

1 Min. 


9 

— 

m 

1 Min. 

Inputs High, 

vnmh 


- 


1 Min. 

mm 

- 

lEI 

1 Min. 

Output Drive 
Current: 
n-Channel 
(Sink) 

IqN Min. 

0.5 


5 

4.4 

7 

3.5 

2.5 

2.2 

7 

1.8 




- 

■1 

0^ 


ESI 



D 

2.8 

2 

p- Channel 
(Source) : 

IpP Min. 

m 

- 

5 






m 

-1.3 

BS 


- 

10 






m 



Input Leakage 
Current, 
l|L. i|H 

Ar 

ly Inp 

ut 

15 

±10 ^ Typ., ±1 Max. 


Zener Breakdown 
Voltage, V(0 R)z 

T 

o 

o 

Min. 

13.3 

- 

13.5 

13.7 

13.3 

- 

13.5 

13.6 

V 

Typ. 

- 

16.5 

- 

- 

- 

16.5 

- 

- 

Max. 

17.8 

- 

18 

18.2 

17.8 

- 

18 

18.1 




Fig. 11 — Quiescent-device-current 
test circuit. 


Fig. 12 — Noise-immunity test circuit. 



Fig. 8 — Typical propagation delay ((j)j to 
y or y+d out) ^DD- 




Fig. 9 — Typical transition time vs C^. 



Fig. 10 — Typical maximum input-pulse 
frequency. 


Vdd 

Vss 


T 

Vss 


NOTE: 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH Vqo ANOVss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 

Vqd O'^'^SS 


Fig. 13 — Input-leakage-current test circuit. 
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CD4046A Types 


CMOS Micropower Phase-Locked Loop 


■ Choice of two phase comparators: 
1. Exciusive-OR network 


The RCA-CD4046A CMOS Micropower 
Phase-Locked Loop (PLL) consists of a low- 
power, linear voltage-controlled oscillator 
(VCO) and two different phase comparators 
having a common signal-input amplifier and 
a common comparator input. A 5.2-V zener 
diode is provided for supply regulation if 
necessary. 

These types are supplied in 1 6-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (Esuffix), 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 

VCO Section 

The VCO requires one external capacitor Cl 
and one or two external resistors (R1 or R1 
and R2). Resistor R1 and capacitor Cl 
determine the frequency range of the VCO 
and resistor R2 enables the VCO to have a 
frequency offset if required. The high input 
impedance (1012^2) of the VCO simplifies 
the design of low-pass filters by permitting 
the designer a wide choice of resistor-to- 
capacitor ratios. In order not to load the 
low-pass filter, a source-follower output of 
the VCO input voltage is provided at terminal 
10 (DEMODULATED OUTPUT). If this 
terminal is used, a load resistor (Rs) of 10 
krZ or more should be connected from this 
terminal to Vss- If unused this terminal 
should be left open. The VCO can be con- 
nected either directly or through frequency 
dividers to the comparator input of the 
phase comparators. A full CMOS logic 
swing Is available at the output of the VCO 
and allows direct coupling to CMOS 
frequency dividers such as the RCA-CD4024, 
CD4018, CD4020, CD4022, CD4029, and 
CD4059. One or more CD4018 (Preset- 
table Divide-by-N Counter) or CD4029 (Pre- 
settable Up/Down Counter), or CD4059A 
(Programmable Divide-by-"N" Counter), to- 
gether with the CD4046A (Phase-Locked 
Loop) can be used to build a micropower 
low-frequency synthesizer. A logic 0 on the 
INHIBIT input "enables" the VCO and the 
source follower, while a logic 1 "turns off" 
both to minimize stand-by power consump- 
tion. 

Phase Comparators 

The phase-comparator signal input (terminal 
14) can be direct-coupled provided the signal 
swing is within CMOS logic levels [logic 
"0" <30% (VpD-Vss). logic "1" > 70% 
(Vdd~Vss)] . For smaller swings the signal 
must be capacitively coupled to the self- 
biasing amplifier at the signal input. 

Phase comparator I is an exclusive-OR net- 
work; it operates analagously to an over- 
driven balanced mixer. To maximize the lock 
range, the signal- and comparator-input fre- 
quencies must have a 50% duty cycle. With 
no signal or noise on the signal input, this 
phase comparator has an average output 
voltage equal to Vqd/ 2. The low-pass filter 
connected to the output of phase comparator 
1 supplies the averaged voltage to the VCO 
input, and causes the VCO to oscillate at the 
center frequency (fo). 

The frequency range of input signals on 
which the PLL will lock if it was initially 


Features: 

■ Very low power consumption: 

70 mW (typ.) at VCO fo = 10 kHz, VpD = 5 V 

■ Operating frequency range up to 1.2 MHz (typ.) 
at Vdd = 10 V 

■ Wide supply-voltage range: Vqd — Vss "" 5 
to15 V 

■ Low frequency drift: 0.06%/oc (typ.) 


at Vdd = 10 V 



ALL INPUTS ARE PROTECTED BY 
COS/MOS PROTECTION NETWORK. 


2. Edge-controlled memory network with 
phase-pulse output for lock indication 

■ High VCO linearity: 1% (typ.) 

■ VCO inhibit control for ON-OFF keying 
and ultra-low standby power consumption 

■ Source-follower output of VCO control Input 
(Demod. output) 

B Zener diode to assist supply regulation 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 /LtA 
at 15 V (full package-temperature range) 

Applications: 

■ FM demodulator and modulator 

■ Frequency synthesis and multiplication 

■ Frequency discriminator 

■ Data synchronization 

■ Voltage-to-frequency conversion 

■ Tone decoding 

■ FSK — Modems 

■ Signal conditioning 

D (See ICAN-6101) “RCA CMOS 
Phase- Locked Loop — A Versatile 
Building Block for Micropower 
Digital and Analog Applications" 


1 — COS/MOS phase'locked loop block diagram. 

MAXIMUM RATINGS, Absolute Maxim urn Values: 

STORAGE-TEMPERATURE RANGE (Tjjg) -66 to +150°C 

OPERATING-TEMPERATURE RANGE (T^): 

PACKAGE TYPES D. F, K, H -55 to + 1 25°C 

PACKAGE TYPE E _40 to -^85°C 

DC SUPPLY-VOLTAGE RANGE. 

(Voltages referenced to V 55 Terminal ) —0.5 to +1 5 V 

POWER DISSIPATION PER PACKAGE (?□>, 

FOR T^= -40 to +60°C (PACKAGE TYPE E ) 500 mW 

FOR T^= -fSO to +85°C (PACKAGE TYPE E ) Derate Linearly at 12 mW/°C to 200 mW 

FOR T^ = -55 to +1 00° C (PACKAGE TYPES D, F, K) 500 mW 

FOR T^ = -t-lOO to -t-125°C (PACKAGE TYPES D, F, K) ..... Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T^ = FULL PACKAGE TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS . . . , -0.5 to Vqq +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1 /32 inch ( 1 ,59 ± 0.79 mm) from case for 10 s max +265°C 


out of lock is defined as the frequency cap- 
ture range (2fc). 

The frequency range of input signals on 
which the loop will stay locked if it was 
initially in lock is defined as the frequency 
lock range (2fL). The capture range is < the 
lock range. 

With phase comparator I the range of fre- 
quencies over which the PLL can acquire 
lock (capture range) is dependent on the 
low -pass-filter characteristics, and can be 
made as large as the lock range. Phase-com- 


parator I enables a PLL system to remain 
in lock in spite of high amounts of noise 
in the input signal. 

One Characteristic of this type of phase com- 
parator is that it may lock onto input fre- 
quencies that are close to harmonics of the 
VCO center-frequency. A second charac- 
teristic is that the phase angle between the 
signal and the comparator input varies be- 
tween 0*^ and 180°, and is 90° at the center 
frequency. Fig. 2 shows the typical, trian- 
gular, phase-to-output response characteristic 
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92CS-20009 

Fig. 2 — Phase-comparator I characteristics 
at low-pass filter output. 


of phase-comparator I. Typical waveforms 
for a CMOS phase-locked-loop employing 
phase comparator I in locked condition of fQ 
is shown in Fig. 3. 


SIGNAL INPUT (TERM. 14) 

VCO OUTPUT (TERM 4 ) • 
COMPARATOR INPUT 
(TERMS) 


VCO INPUT (TERM. 9). 
• LOW- PASS FILTER 
OUTPUT 


JOJirLT 


— Voo 


— Vss 

92CS-200I0RI 


Fig. 3 — Typical waveforms for COS/MOS phase- 
locked loop employing phase comparator 
I in locked condition o f fQ. 


Phase-comparator II is an edge-controlled 
digital memory network. It consists of four 
flip-flop stages, control gating, and a three- 
state output circuit comprising p- and n-type 
drivers having a common output node. When 
the p-MOS or n-MOS drivers are ON they 
pull the output up to Vqd or down to 
VsSr respectively. This type of phase com- 
parator acts only on the positive edges of 
the signal and comparator inputs. The duty 
cycles of the signal and comparator inputs 
are not important since positive transitions 
control the PLL system utilizing this type 
of comparator. If the signal-input fre- 
quency Is higher than the comparator-input 
frequency, the p-type output driver is main- 
tained ON most of the time, and both the 
n and p drivers OFF (3 state) the remainder 
of the time. If the signal-input frequency 
is lower than the comparator-input frequen- 
cy, the n-type output driver is maintained 
ON most of the time, and both the n and 
p drivers OFF (3 state) the remainder of 
the time. If the signal- and comparator- 
input frequencies are the same, but the 
signal input lags the comparator input in 
phase, the n-type output driver is main- 
tained ON for a time corresponding to the 
phase difference. If the signal- and com- 
parator-input frequencies are the same, but 
the comparator input lags the signal in phase, 
the p-type output driver is maintained ON 
for a time corresponding to the phase dif- 
ference. Subsequently, the capacitor voltage 
of the low-pass filter connected to this phase 
comparator is adjusted until the signal and 
comparator inputs are equal in both phase 
and frequency. At this stable point both p- 
and n-type output drivers remain OFF and 
thus the phase comparator output becomes 
an open circuit and holds the voltage on the 
capacitor of the low-pass filter constant. 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following range: 


CHARACTERISTIC 

LIMITS 

UNITS 

Min. 

Max. 

Supply Voltage Range (ForT/i^ = Full Package 
Temperature Range 

3 

12 

V 


ELECTRICAL CHARACTERISTICS at T^ = 250C 


Characteristic 

Test Conditions 

Limits 

All Package Types 

Min. 1 Typ. ) Max, 

Units 


Vo 

Volts 

VpD 

Volts 

1 Phase Comparator Section | 

Operating Supply Voltage. Vqd-Vss 

VCO Operation 

- 

5 

- 

15 

V 

Comparators only 

_ 

3 

_ 

15 

Total Quiescent Device Current, II: 
Term. 14 Open 

Term. 1 5 open 

Term. 5 at Vqd 

Terms. 3 & 9 at Vss 

5 

10 

- 

25 

200 

— 

juA 

Term. 14 at Vss or 

5 

10 

15 

- 

5 

25 

50 

15 

60 

500 

Term. 14 (SIGNAL IN) 

Input 1 mpedance, Z14 


5 

10 

15 

1 

0.2 

2 

0.4 

0.2 

- 

Mf2 

AC-Coupled Signal Input 

Voltage Sensitivity* 

(peak-to-peak) 

See Fig. 7 

5 

10 

15 

- 

200 

400 

700 

400 

800 

mV 

DC-Coupled Signal Input 
and Comparator Input 

Voltage Sensitivity 

Low Level 


5 

10 

15 

1.5 

3 

4.5 

2.25 

4.5 

6.75 

- 

V 

High Level 


Vo 

Volts 

5 

10 

15 

- 

2.75 

5.5 

8.25 

3.5 

7 

Output Drive Current: 

n-Channel (Sink), IqN 

Phase Comparator 

1 & II Term. 2 & 13 

0.5 

0.5 

5 

10 

0.43 

1.3 

0.86 

2.5 

- 

mA 

Phase Pulses 

0.5 

0.5 

5 

10 

0.23 

0.7 

0.47 

1.4 


p-Channel (Source), IqP 

Phase Comparator 

1 & il Term. 2 & 13 

4.5 

9.5 

5 

10 

-0.3 

-0.9 

-0.6 

-1.8 

- 

Phase Pulses 

4.5 

9.5 

5 

10 

-0.08 

-0.25 

-0.16 

-0.5 

- 

Input Leakage Current, I|L. Mh 

Any Input 


15 

- 

±10-5 

±1 

juA 


* For sine wave, the frequency must be greater than 1 kHz for Phase Comparator II. 


SIGNAL INPUT (TERM. 14) 


VCO OUTPUT (TERM 4)> 
COMPARATOR INPUT 
(TERMS) 


VCO INPUT (TERM. 9). 
•LOW-PASS FILTER 
OUTPUT 

PHASE PULSE (TERM. I) 


J~1 




note; OASHEO line is an open -circuit condition 92CS-200IIRI 


Fig.4 - Typical waveforms for CMOS phase-locked loop 
employing phase comparator II in locked condition. 
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ELECTRICAL CHARACTERISTICS at T^ = 2B^C 


Characteristic 



Limits 

Units 

Test 

Conditions 


AH Package Types 


Vo 

Volts 

Vdd 

1 

Volts 

Min. 1 Typ. 1 Max, 

1 VCO Section j 

Operating Supply Voltage 

vdd-vss 

As fixed oscillator only 


3 

- 

15 

V 

Phase-lock-loop operation 


5 

- 

15 

Operating Power 
Dissipation, Pp 

fo=10kHz Ri = 1Mn 

R 2 = °° Vnn 

^ VCOiN =-^ 

5 

- 

70 

- 

p\N 

10 

- 

600 

- 

15 

- 

2400 

- 

Maximum Operating 
Frequency, fmax 

R1 = 10kJ2 

R 2 =oo 

VCO|N = Vdd 

Cl = 100 pF 

5 

0.25 

0.5 

- 

MHz 

Cl = 50 pF 

10 

0.6 

1.2 

- 

15 

- 

1.5 

- 

Cetiter Frequency (fo) and 

Programmable with external components R1, R2, and Cl 

See Design Information 

Frequency Range, 

fmax“tmin 

Linearity 

VCOiN = 2.5 V ± 0.3 V, R1 > 10 kO 

5 

- 

1 

- 

% 

= 5 V±2.5V, R1 >400 kn 

10 

- 

1 

- 

= 7.5 V ± 5 V, R1 = 1 

15 

- 

1 

- 

Temperature-Frequency 

Stability*: 

No Frequency Offset 

fMlN = 0 

%/°c « — ■ — 
f-VDD 

R2 = oo 

5 

10 

15 

- 

0.12-0.24 

0.04-0.08 

0.015-0.03 

- 

%/oC 

Frequency Offset 

fMIN^O 

%/OCa — 2 

fVDD 

5 

10 

15 

- 

0.06-0.12 

0.05-0.1 

0.03-0.06 

- 

Input Resistance of 

VCO|N (Term 9), R| 


5,10,15 

- 

1012 

- 

n 

VCO Output Voltage 
(Term 4) 

Low Level, Vql 

Driving CMOS-Type 

Load (e.g. Term 3 

Phase Comparator Input) 

5,10,15 

- 

- 

0.01 

V 

High Level, Vqh 

5 

10 

15 

4.99 

9.99 

14.99 

- 

- 

VCO Output Duty Cycle 



5,10,15 

- 

50 

- 

% 

VCO Output T ransition 
Times, tjHL- tJLH 


Vo 

Volts 

5 

10 

15 

- 

75 

50 

40 

150 

100 

ns 

VCO Output Drive 
Current; 

n-Channel (Sink), IqN 


0.5 

0.5 

5 

10 

0.43 

1.3 

0.86 

2.6 

- 

mA 

p-Channel (Source), IqP 


4.5 

9.5 

5 

10 

1 1 

p p 
CD CO 

CD 00 

d 

1 1 


Source-Follower Output 
(Demodulated Output): 
Offset Voltage 

(VCO|n-Vdem) 

RS> lOkn 

5,10 

15 

- 

1.5 

1.5 

2.2 

V 

Linearity 

RS>50kn 

VCOiiM = 2.5±0.3 V 
= 5±2.5 V 
= 7.5±5 V 

5 

10 

15 

- 

0.1 

0.6 

0.8 

- 

% 

Zener Diode Voltage (V^) 

Iz = 50 /iA 


4.5 

5.2 

6.1 

V 

Zener Dynamic 

Resistance, RZ 

Iz = 1 mA 


- 

100 

- 

n 


• Positive coefficient. 


Moreover the signal at the "phase pulses" 
output is a high level which can be used for 
indicating a locked condition. Thus, for 
phase comparator II, no phase difference 
exists between signal and comparator input 
over the full VCO frequency range. More- 
over, the power dissipation due to the low- 
pass filter is reduced when this type of phase 
comparator is used because both the p- and 
n-type output drivers are OFF for most of 
the signal input cycle. It should be noted 
that the PLL lock range for this type of phase 
comparator is equal to the capture range, 
independent of the low-pass filter. With no 
signal present at the signal input, the VCO 
is adjusted to its lowest frequency for phase 
comparator II. Fig. 4 shows typical wave- 
forms for a CMOS PLL employing phase 
comparator II in a locked condition. 
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DESIGN INFORMATION 

This information is a guide for approximating 
the values of external components for the 
CD4046A in a Phase-Locked-Loop system. 
The selected external components must be 
within the following ranges: 


10k^2<R1, R2. Rs<1 M12 
Cl >100 pF at Vdd> 5V; 
C1>50pFatVDD> 10 V 

In addition to the given design information 
refer to Fig.5 for R 1 , R2, and Cl component 
selections. 


AMBIENT TEMPERATURE (T* ) .25*C 


Characteristics 


VCO Frequency 


Phase 

Comparator 

Used 


Design information 

VCO WITHOUT OFFSET VCO WITH OFFSET 
R2 = 



Voq/2 Voo 
VCO INPUT VOLTAOE 



'toO'2 Vpp 

VCO INPUT VOLTAOE 
92C$-200I2R1 


Fig.5 (c) — Typicsl fmax^^min R2/R1. 


« AMBIENT TEMPERATURE (T^I-ZS’C 
* ' VCOiN "Voo^e , R2*C0 
^ - INHIBIT. Vss 

» K, , ::: — 

i 


For No Signal Input 

Frequency Lock 
Range, 2 fL 


Frequency Capture 
Range, 2 fQ 


Loop Filter 
Component 
Selection 


Phase Angle Between 
Signal and Comparator 


Same as for No.l 

VCO will adjust to center frequency, fo 

VCO will adjust to lowest operating frequency, ffy^jp 

2 fL = full VCO frequency range 

2 fL ~ fmax~lmin 

Same as for No.l 


O— AAAr4— -O 

1’l*R3C2 sjscz 


X 

92C$-2l»OI 

fC = fL 


For 2 fc. see Ref. (2) 

\ 


90° at center frequency (fo) approximating 0° 
and 180° at ends of lock range (2 fL) 

Always 0° in lock 


Fig.6(a) — Typical VCO power dissipation at center 
frequency vs R1. 



PICAL CENTER FREOUENCT 
IT-TO-UNIT VARIATION 



VCO TIMING CAPACITOR (Cll-u.1 


Fig.5 (a) — Typical center frequency vs Cl for 
R1 = 10 kn, and 1 Mn and fp ~ 1/R1 Cl. 


o 10 6 : R2. IMft 


TYPICAL IMIN 
r- TO-UNIT VARIATION 
h^*MIN^*MIN>~ * ~l 



Fig.5 (b) — Typical frequency offset v-s Cl for 
R2 = 10 kn. 100 kO., and 1 Ma. 


NOTE: Lower frequency values are obtainable if larger values of Cl 
than shown in Figs. 5(a) and 5(b) are used. 


Fig.6(b) — Typical VCO power dissipation at 
fmin R2. 


i- AMBIENT TEMPERATURE (T^ ) >25*0 
VC0|N*Vdd/ 2. R|.R2»a) 

■ _ ^ 



1 








!: 




Fig.6(c) — Typical source follower power dissipation 
vs Rs- 


NOTE: To obtain approximate total power dissipation of PLL system for no-signal input 
Pd (Total) = Pd (fo) + Pd ffMIN) + l^s) ~ Phase Comparator I 
Pd (Total) = Pd (fMIN) “ Phase Comparator II 
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DESIGN INFORMATION (Cont'd^: 


Characteristics 

Phase 

Comparator 

Used 

Design Information 

Locks On Harmonic of 
Center Frequency 

1 

Yes 

2 

No 

Signal Input 

Noise Rejection 

1 

High 

2 

Low 

VCO 

Component 

Selection 

1 

VCO WITHOUT OFFSET 
R2 = 

VCO WITH OFFSET 

— Given: fo 

— Use fo with Fig. 5a to 
determine R1 and Cl 

- Given: fo and fL 

- Calculate fmin ^rom 
the equation 

^min “ ^o~^L 

- Use fmin with Fig. 5b 
to determine R2 and Cl 

. . ^max 

- Calculate 7 — : — 

'mm 

from the equation 
^max fo + ^L 
^min ^0 ~ ^L 

, , ^max . , 

- Use-j with 

'min 

Fig. 5c to determine 
ratio R2/R1 to obtain 

R1 

2 

— Given: fmax 

— Calculate fo from 
the equation 

, ^max 

—Use fo with Fig, 5a to 
determine R1 and Cl 

- Given: fmin & fmax 

- Use fmin with Fig. 5b 
to determine R2 and Cl 

- Calculate 

'min 

- Use with Fig. 5c 

Tmin 

to determine 
ratio R2/R 1 to 
obtain R1 


For further information, see 

(1) F. Gardner, "Phase-Lock Techniques" John Wiley and Sons, New York, 1966 

(2) G. S. Moschytz, "Miniaturized RC Filters Using Phase-Locked Loop”, BSTJ, May, 1965. 



PEAK-TO-PEAK SIGNAL INPUT VOLTAGE (Vj)- mV 

92CS-2I889 




Fig. 7 — Typical lock range i/s signal input amplitude. 


Fig.8(a) and (b) — Typical VCO linearity vs R1 and Cl. 
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CMOS Low-Power 

Monostable/Astable 

Multivibrator 

The RCA-CD4047A consists of a gatable 
astable multivibrator with logic techniques 
incorporated to permit positive or negative 
edge-triggered monostable multivibrator 
action with retriggering and external count- 
ing options. 

Inputs Include +TRIGGER, —TRIGGER, 
ASTABLE, ASTABLE, RETRIGGER, and 
EXT_ERNAL RESET. Buffered outputs are 
Q, Q, and OSCILLATOR. In all modes of 
operation an external capacitor must be con- 
nected between C-Timing and RC-Common 
terminals, and an external resistor must be 
connected between the R-Timing and RC- 
Common terminals. 

Astable operation Is enabled by a high level 
on the ASTABLE input. The period of the 
square wave at the Q and Q Outputs in this 
mode of operation is a function of the ex- 
ternal components employed. "True" input 
pulses on the ASTABLE input or " Com- 
plement" pulses on the ASTABLE input 
allow the circuit to be used as a gatable 
multivibrator. The OSCILLATOR output 
period will be half of the Q terminal output 
in the astable mode. However, a 50% duty 
cycle is not guaranteed at this output. 

In the monostable mode, positive-edge 
triggering is accomplished by application of 
a leading-edge pulse to the +TRIGGER 
input and a low level to the -TRIGGER 
input. For negative-edge triggering, a trailing- 
edge pulse is applied to the —TRIGGER and 
a high level is applied to the +TRIGGER. 
Input pulses may be of any duration relative 
to the output pulse. The multivibrator can 
be retriggered (on the leading edge only) by 
applying a common pulse to both the 
RETRIGGER and +TRIGGER inputs. In 
this mode the output pulse remains high as 
long as the RETRIGGER input is high, with or 
without transitions. 

An external countdown option can be imple- 
mented by coupling "Q" to an external 
"N" counter and resetting the counter with 
the trigger pulse. The counte r output pulse is 
fed back to the ASTABLE input and has a 
duration equal to N times the period of the 
multivibrator. 

A high level on the EXTERNAL RESET 
input assures no output pulse during aa 
"ON" power condition. This input can also 
be activated to terminate the output pulse at 
any time.ln the monostable mode, a high- 
level or power-on reset pulse, must be 
applied to the EXTERNAL RESET when- 
ever Vqd is applied. 


These types are supplied in 14-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 14-lead dual-in-line plastic pack- 
ages (E suffix), 14-lead ceramic flat pack- 
ages (K suffix), and in chip form (H suffix). 

Features: 

■ Low power consumption: special 
COS/MOS oscillator configuration 

■ Monostable (one-shot) or astable 
(free-running) operation 

■ True and complemented buffered 
outputs 

■ Only one external R and C required 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 

1 /nA at 15 V (full package-temperature 
range) 

■ 1-V noise margin (full package-temper- 
ature range) 

Monostable Multivibrator Features: 

■ Positive- or negative-edge trigger 

■ Output pulse width independent of 
trigger pulse duration 

■ Retriggerable option for pulse width 
expansion 

■ Long pulse widths possible using small 
RC components by means of external 
counter provision 

■ Fast recovery time essentially independent 
of pulse width 

■ Pulse-width accuracy maintained at duty 
cycles approaching 100% 



Astable Multivibrator Features: 

■ Free-running or gatable operating modes 

■ 50% duty cycle 

■ Oscillator output available 

■ Good astable frequency stability: 

Frequency deviation: 

=+2% + 0.03%/°C @ 100 kHz 
=±0.5% + 0.015%/°C @ 10 kHz 
(circuits "trimmed" to frequency 
Vdd = 10V±10%) 

Applications : 

Digital equipment where low-power dissipa- 
tion and/or high noise immunity are primary 
design requirements: 

■ Envelope detection 

■ Frequency multiplication 

■ Frequency division 


R ■ Frequency discriminators 



92CS-20026R2 

Fig. 1 — CD4047A logic block diagram. 


MAXIMUM RAimGS. Absolute-Maximum Values: 


STORAGE-TEMPERATURE RANGE (Tgtg) -65 to +150°C 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H -55to+125°C 

PACKAGE TYPE E . -40 to +85'’ C 


DC SUPPLY-VOLTAGE RANGE, (Vqd) 

(Voltages referenced to Vss Terminal): —0,5 to +15 V 

POWER DISSIPATION PER PACKAGE (Pp) 

FOR Ta= -40 to +60°C (PACKAGE TYPE E ) 500 mW 

FOR Ta= +60 to +85°C (PACKAGE TYPE E ) Derate Linearly at 12 mW/°C to 200 mW 

FOR Ta = -55 to +100‘’C (PACKAGE TYPES D, F, K) . 500 mW 

FOR = +100 to +125‘’C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/^C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta= full package-temperature range (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to VpD +0-5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ±1/32 inch (1.59 ±0.79 mm) from case for 10 s max 



+265 C 









CD4047A Types 


RECOMMENDED OPERATING CONDITIONS at 1^= 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 





LIMITS 



CHARACTERISTIC 

Vdd 

D, F, K, H 
Packages 

£ 

Package 

UNITS 



Min. 

Max. 

Min. 

Max. 


Supply-Voltage Range (For Ta=FuII 

Package- Temperature Range) 


3 

12 

3 

12 

V 

Input Pulse Width, tyj/ 

5 

1000 

_ 

1300 



ns 

(Any Input) 

10 

400 

- 

600 

- 

Trigger, Retrigger 

5 

_ 

15 

_ 

15 

fJS 

Rise or Fall Time, t^ , tf 

10 

- 

5 

- 

5 


< 

AMBIENT TEMPERATURE (Ta)*25*C 

TYPICAL TEMPERATURE COEFFICIENT AT ALL VALUES 1 




OF Vgs'-O.J %/‘C 
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Fig. 2 — Typical output n-channei drain 

characteristics for Q and Q buffers. 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristics 

Conditions 

Limits at Indicated Temperatures {°C) 

Units 

D, F, K, H Packages 

1 £ Package 

Vo 

(V) 


iwi 


+25 



+25 




mgr 


m 

rowTi 

+85 

Quiescent Device 
Current 1 l Max. 

- 

- 

5 

B 


5 

IBtfil 

IBI 

CD 



Hj 

- 

- 

10 


0.05 

10 

600 



100 

1400 

- 

- 

■a 

1^ 

1 


IRS!tTtl 


B 


EW3 

Output Voltage: 
Low-Level, 

VoL 

- 

5 

5 

0 Typ.; 0.05 Max. 

V 

- 

10 

10 

0 Typ.; 0.05 Max. 

High Level 

VOH 

- 

0 

5 

4.95 Min.; 5 Typ. 

- 

0 

10 

9.95 Min., 10 Typ. 

Noise Immunity: 
Inputs Low, 

Vnl 

4.2 

- 

5 

1.5 Min.; 2.25 Typ. 

V 

9 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High 

vnh 

0.8 

- 

5 

1.5 Min.; 2.25 Typ. 

1 

- 

10 

3 Min.; 4.5 Typ. 

Noise Margin: 

Inputs Low, 

Vnml 

4.5 


5 

1 Min. 

V 

9 


10 

1 Min. 

Inputs High, 

vnmh 

0.5 


5 

1 Min. 

1 


10 

1 Min. 

Output Drive 

Current: 

(0,0 Outputs) 

n-channel 

(Sink), 

IpN Min. 

0.5 

- 

5 

0.5 

0.8 

0.4 

0.28 

0.34 

0.8 

0.28 

0.23 

mA 

0.5 

- 

10 

1.25 

2 

1 

0.7 

0.85 

2 

0.7 

0.6 

p-Channel 
(Source) : 

IpP Min. 

4.5 

- 

5 

-0.5 

-0.8 

-0.4 

-0.28 

CO 

o’ 

-0.8 

-0.28 

-0.23 

9.5 

- 

10 

■1.25 

-2 

-1 

-0.7 

-0.85 

2 

-0.7 

-0.6 

Input Leakage 
Current, 

•ilJih 

An 

_ 

y Inp 

>ut 

1 

±10 ^ Typ., ±1 Max. 
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1” 

i 20 
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J 10 
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Fig. 3 — Minimum output n-channel drain 
characteristics for Q and Q buffers. 


DRAIN-TO-SOURCE VOLTAGE tVos*— V 



Fig. 4. — Typical output p-channei drain 

characteristics for Q and Q buffers. 


DRAIN-TO-SOURCE VOLTAGE (Vos'— V 



Fig. 5 — Minimum output p-channel drain 


characteristics for Q and Q buffers. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at T^ = 25°C, Input t^ , tf = 20 ns. Cl = 15 pF, 

Rl = 200 kfi 




LIMITS 

1 

CHARACTERISTICS 

TEST 

CONDITIONS 

D, F, K, H 
Packages 

E 

Package 




QQI 





TYP. 

MAX. 


Propagation Delay Time: 
^PHL'tPLH 

Astable, Astable 


B 

i 



1 




to Osc. Out 


BB 

- 



- 




Astable, Astable 

■I 


- 



- 




to Q, Q 

■ 


- 



- 




+Trlgger, —Trigger 
to Q,Q 

■1 

5 

- 



- 


IgiQ 


■ 

■B 

- 



_ 



+Trigger, Retrigger 
to Q, Q 


B 

- 


600 

- 

300 




B 

- 



- 




External Reset 


5 

- 

300 


- 




to Q,Q 


10 

- 

125 

250 

- 

125 

350 


Transition Time: 
'THL-tJLH 

Q,Q 


5 

- 

75 

125 

- 

75 

150 



10 

- 

45 

75 

- 

45 

100 

ns 

Osc. Out 


5 

- 

75 

150 

- 

75 

180 


10 

- 

45 

100 

- 

45 

130 


Minimum Input Pulse 
Width (any input), tyy* 


5 

- 

500 

1000 

- 

500 

1300 

ns 


10 

- 

200 

400 

- 

200 

600 

+Trigger, Retrigger 


5 

- 

- 

15 

- 


15 

Ats 

Rise & Fall Time, t^ , tf 


10 

- 

- 

5 

- 

- 

5 

Average Input 
Capacitance, C| 

Any 

Input 

- 

- 

5 

- 

- 

5 

- 

pF 


* Input pulse widths below the minimum specified may cause malfunction of the unit. 
See Application Note ICAN - 6230 



Fig. 6 — Typical low-to-high level propagation 
delay time vs load capacitance for Q 
and Q buffers. 



Fig. 7 — Typical transition time vs load capa- 
citance for Q and Q buffers. 

I. Astable Mode Design Information 
A. Unit-to-Unit Transfer- Voltage 
Variations. 

The following analysis presents worst- 
case variations from unit to unit as a 
function of transfer-voltage (Vjr) 
shift (33%-67% Vdd) for free- 
running (astable) operation. 

TERMINAL 13 m *2 n n 
TERMINAL 10 _J I *A/2 | 

h — 

92CS- 20027 


CD4047A FUNCTIONAL TERMINAL CONNECTIONS 

NOTE: IN ALL CASES EXTERNAL RESISTOR BETWEEN TERMINALS 2 AND 3A 
EXTERNAL CAPACITOR BETWEEN TERMINALS 1 AND 3A 



TERMINAL CONNECTIONS 

OUTPUT 

OUTPUT PERIOD 

FUNCTION 

TO Vdd 

TO Vss 

INPUT 

PULSE 

TO 

PULSE 

FROM 

OR 

PULSE WIDTH 

Astable Multivibrator: 






Free Running 

4,5,6,14 

7,8,9,12 

- 

10,11,13 

tA(10,11)=4.40 RC 

True Gating 

4,6,14 

7,8,9,12 

5 

10,11,13 

tA(13)=2.20 RC 

Complement Gating 

6,14 

5,7,8,9,12 

4 

10,11,13 

Monostable Multivibrator: 






Positive-Edge Trigger 

4,14 

5,6,7,9,12 

8 

10,11 


Negative-Edge Trigger 

4,8,14 

5,7,9,12 

6 

10,11 

tM(10,11)=2.48 RC 

Retriggerable 

4,14 

5,6, 7,9 

1 8,12 

10,11 


External Countdown* 

14 

5,6,7,8,9,12 

- 

10,11 



* Input Pulse to Reset of External Counting Chip External Counting Chip Output To Terminal 4 A See Text. 


Fig. 8 — Astable mode waveforms. 


^DD + VtR 

t2 = -RCIn>P~^'^» 

2Vqd-Vtr 

tA = 2(ti+t2) 

o . <Vtr)<Vdd- Vjr) 

= -2 RC In 

(Vdd + Vtr)(2Vdd - Vjr) 

Typ: Vtr = 0.5Vdd t^ = 4.40 RC 
Min: Vjr = 0.33 Vdd = 4.62 RC 
Max: V-|-R = 0.67 Vdd = 4.62 RC 

thus if [tA = 4.40 RC“| is used, the maximum 
variation will be (+5.0%,— 0.0%). 
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Fig. 9 - CD4047A logic diagram. 


B. Variations Due to Vpp and Temperature 
Changes 

In addition to variations from unit to 
unit, the astable period may vary as a 
function of frequency with respect to 


Vqp and temperature. Typical variations 
are presented in graphical form in Figs. 
10 to 20 with 10 V as reference for 
voltage variation curves and 25 C as 
reference for temperature variation curves. 
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Fig. 10 - Typical Q-and-U-period accuracy 
vs supply voltage (high frequency). 
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SUPPLY VOLTAGE (V|)o)—V 92cs-2W4J 

Fig, 11 — Typical Q-and-Q-period accuracy 

vs supply voltage (medium frequency) 





SUPPLY VOLTAGE (VodI — V 92cs-2l<.« 

Fig. 12 — Typical Q-and-Q-period accuracy 
vs supply voltage (low frequency) . 
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SUPPLY VOLTAGE {Voq) V 92CS-21445 

Fig. 15 — Typical oscillator-output-period 
accuracy vs supply voltage (high 
frequency). 



SUPPLY VOLTAGE (Vqo* — V 

92CS-2J444 

Fig. '13 — Typical Q-and-Q- period accuracy 

vs supply voltage (very low frequency). 
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SUPPLY VOLTAGE (Vdd)— V 92CS-2,446 

Fig. 16 — Typical oscillator-output-period 
accuracy vs supply voltage 
(medium frequency) . 
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92CS-2I590 

Fig. 14 — Typical Q-and (5-period accuracy 
vs frequency for Vqq variation 
of ± 10% from value indicated. 
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Fig. 17 — Typical Q- and U-period accuracy 

vs temperature (medium frequency). 
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Fig. 19 — Typical oscillator-period accuracy 

vs temperature (medium frequency). 



Fig. 20 — Typical oscillator-period accuracy 
vs temperature (high frequency). 


M. Monostable Mode Design Information 
The following analysis presents worst- 
case variations from unit to unit as a 
function of transfer-voltage (Vjp) shift 
(33% — 67% Vqq) for one-shot (mono- 
stable) operation. 


TERMINAL 8 

TERMINAL 13 
TERMINAL 10 


ji n_ 

Tirlizl fTT l'zl 
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Fig. 21 — Monostable waveforms. 



Fig. 22 — Typical Q- and Q-pulse-width 


accuracy vs supply voltage 
(ti^= 15, 60, 12011s). 
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SUPPLY VOLTAGE (Vdo)-V 

Fig. 23 — Typical Q- and Q-pulse-width 
accuracy vs supply voltage 
^tM ~ 


tl' = 


-RC In 


VjR 

2Vdd 


tM=(ti' + t2) 

<Vtr) <Vdd-Vtr) 

tM = — RCIn 

(2Vqq - Vjp) (2 Vq0) 

where t|y| = Monostable mode pulse width. 
Values for t|y| are as follows: 

Typ: Vjp = 0.5Vqq t(\/| = 2.48 RC 
Min: Vjr = 0.33 Vqq tM = 2.71 RC 
Max. VjR = 0.67 Vqq t^ = 2.48 RC 

Thus if |t|y| = 2.48 RC | is used, the maximum 
variation will be (+9.3%, —0.0%). 


Note: 

In the astable mode, the first positive half 
cycle has a duration of Tjyi; succeeding 
durations are tA/2. 


In addition to variations from unit to unit, 
the monostable pulse width may vary as a 
function of frequency with respect to Vpp 
and temperature. These variations are 
presented in graphical form in Fig. 22 to 27 
with 10 V as reference for voltage-variation 
curves and 25°C as reference for temper- 
ature-variation curves. 



SUPPLY VOLTAGE (Vdd> — V 

92CS-2I430 

Fig. 24 — Typical Q- and Impulse-width 


accuracy vs supply voltage 
(t/yf^ 100ms). 



Fig. 26 — Typical Q and Q pulse-width 
accuracy vs temperature 
(high frequency). 



Fig. 25 — Typical Q- and G pulse-width 

accuracy vs Q and Q pulse width 
for a variation of ^10% from 
value indicated. 



Fig. 27 — Typical Q and Q pulse-width 
accuracy range vs temperature. 
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III. Retrigger Mode Operation 

The CD4047A can be used in the 
retrigger mode to extend the output- 
pulse duration, or to compare the fre- 
quency of an input signal with that of 
the internal oscillator. In the retrigger 
mode the input pulse is applied to 
terminals 8 and 12, and the output is 
taken from terminal 10 or 1 1. As shown 
In Fig. 28, normal monostable action is 
obtained when one retrigger pulse is 
applied. Extended pulse duration is 
obtained when more than one pulse Is 
applied. For two Input pulses, tR£=t'|' 
+ ti + 2t2. For more than two pulses, 
tpE OUTPUT), terminates at some 
variable time, tQ, after the termination 
of the last retrigger pulse, tp is variable 
because tRE (Q OUTPUT) terminates 
after the second positive edge of the 
oscillator output appears at flip-flop 4 
(see Fig. 8). 


IV. External Counter Option 

Time tj^ can be extended by any a- 
mount with the use of external counting 
circuitry. Advantages include digitally 
controlled pulse duration, small timing 
capacitors for long time periods, and 
extremely fast recovery time. A typical 
implementation is shown in Fig. 29. 
The pulse duration at the output is 
(N-1)(tA) + (tM + 

where tg^t" P^lse duration of the cir- 
cuitry, and N is the number of counts 
used. 

V. Timing-Component Limitations 

The capacitor used in the circuit should 
be non-polarized and have low leakageli.e. 
the parallel resistance of the capacitor 
should be an order of magnitude greater 
than the external resistor used). There is 
no upper or lower limit for either R or C 
value to maintain oscillation. 

However, in consideration of accuracy, C 
must be much larger than the inherent 
stray capacitance in the system (unless 
this capacitance can be measured and 
taken into account). R must be much 
larger than the CMOS “ON” resistance in 
series with it, which typically is hundreds 
of ohms. In addition, with very large 
values of R, some short-term instability 
with respect to time may be noted. 

The recommended values for these 
components to maintain agreement with 
previously calculated formulas without 
trimming should be: 

C ^ 100 pF, up to any practical value, for 
astable modes; 

C ^ 1000 pF, up to any practical value 
for monostable modes. 

10kn<R<1 Mfi 


VI. Power Consumption 

In the standby mode (Monostable or 
Astable), power dissipation will be a 
function of leakage current in the 
circuit, as shown in the static electrical 
characteristics. For dynamic operation, 
the power needed to charge the external 
timing capacitor C is given by the 
following formulae: 


Astable Mode: P = 2CV^f. (Output at 
terminal No. 13) 

P = 4CV2f. (Output at 
terminal Nos. 10 and 11) 

Monostable Mode: 



p ^ (2.9CV2) (Duty Cycle) 
T 

(Output at terminal 
Nos. 10 and 11) 


The circuit is designed so that most of 
the total power is consumed in the 
external components. In practice, the 
lower the values of frequency and 
voltage used, the closer the actual power 
dissipation will be to the calculated 
value. 

Because the power dissipation does not 
depend on R, a design for minimum 
power dissipation would be a small 
value of C. The value of R would 
depend on the desired period (within 
the limitations discussed above). See 
Figs. 30—32 for typical power con- 
sumption in astable mode. 



92CS-Z0030ft2 


Fig. 28 — Implementation of external 
counter option. 



Fig. 31 — Power dissipation vs output 


frequency (Vqq » 10 Vi. 



frequency (Vqq = 15 V). 


4- TRIGGER 
RETRIGGER 
TERMWAUS 8.12 . 


JUl- 


OSC OUTPUT 
terminal 13 


_Fy_ 


tyltgiriiit 


0 OUTPUT 
TERMINAL 10 


JWb-.-z-.-JL 

ji_ri_rLru_ 

J w L 


92CS-20029 


Fig. 29 — Retrigger-mode waveforms. 
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CD4048A Types 


CMOS Multi-Function 
Expandable 8-Input Gate 


The RCA- CD4048A is an 8-input gate 
having four control inputs. Three binary 
control inputs - Ka, Kb, and Kc - provide 
the implementation of eight different logic 
functions. These functions are OR, NOR, 
AND, NAND, OR/AND, OR/NAND, AND/ 
OR, and AND/NOR. 

A fourth control input — Kd — provides the 
user with 3-state outputs. When control 
input Kd is high the output is either a logic 
1 or a logic 0 depending on the input states. 
When control input Kd is low, the output is 


an open circuit. This feature enables the 
user to connect this device to a common 
bus line. 

In addition to the eight Input lines, an 
EXPAND Input Is provided that permits the 
user to increase the number of Inputs to one 
CD4048A, (see Fig. 6). For example, two 
CD4048A*s can be cascaded to provide a 
16-input multifunction gate. When the 
EXPAND Input is not used. It should be 
connected to Vss. 


MAXIMUM IKPiTmQS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (Tstg) -65 to +150°C 

OPERATING-TEMPERATURE RANGE (T^): 

PACKAGE TYPES D. F, K. H -55 to +1 25°C 

PACKAGE TYPE E -40 to +85 °C 

DC SUPPLY-VOLTAGE RANGE, (Vqq) 

(Voltages referenced to Vss Terminal): —0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (Pq) 

FOR Ta= -40 to +60°C (PACKAGE TYPE E) 500 mW 

FOR Ta“ +60 to +85°C (PACKAGE TYPE E ) Derate Linearly at 12 mW/°C to 200 mW 

FOR Ta = -55 to +100^0 (PACKAGE TYPES D. F, K) 500 mW 

FOR Ta = +100 to +125"C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta= full package-temperature range (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to Vqd +0-5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ±1/32 inch (1.59 ±0.79 mm) from case for 10 s max +265 C 




RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

VdD 

(V) 

LIMITS 

UNITS 

D, F,K,H 
Packages 

E 

Package 

Min. 

Max. 

Min. 

Max. 

Supply-Voltage Range (For T^ = Full 
Package-Temperature Range) 


3 

12 

3 

12 

V 


These types are supplied in 1 6-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (Esuffix), 16-lead ceramic flat package 
(K suffix), and in chip form (H suffix). 


BINARY CONTROL INPUTS 


FUNCTION CONTROL 



92CS-22249 


CD4048A 
Functional Diagram 


Features: 

■ Medium-power TTL drive capability 

■ Three-state output 

■ High current source and sink capability 

9 mA (typ.) @ Vpg = 0.5 V, = 10 V 

■ Many logic functions available in one 
package 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 jliA 
at 15 V (full package-temperature range) 

■ 1-V noise margin (full package- 
temperature range) 


Applications: 

■ Selection of up to 8 logic functions 

■ Digital control of logic 

■ General-purpose gating logic 
— Decoding 

— Encoding 
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Fig. 2— Typical output n-channe! drain 
characteristics . 
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CD4048A Types 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 

Conditions 

Limits at Indicated Temperatures Cc) 

Units 

D, F, K, hi Packages 

E Package 

<o 

V|N 

(V) 

VpD 

(V) 

-55 

+25 

+125 

-40 

+25 

+85 


Typ. 

Limit 


Typ. 

Limit 

Quiescent Device 
Current l|_ Max. 

- 

- 

5 

1 

0.005 

1 

60 

10 

0.01 

10 

140 

llA 

- 

- 

10 


0.01 

2 

120 

20 

0.02 

20 

280 

- 

- 

15 

25 

0.5 

25 

1000 

250 

2.5 

250 

2500 

Output Voltage: 
Low Level, 

VqL 

- 

5 

5 

0 Typ.; 0.05 Max. 

V 

- 

10 

10 

0 Typ.; 0.05 Max. 

High Level 

Vqh 

- 

0 

5 

4.95 Min.; 5 Typ. 

- 

0 

10 

9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low, 

Vnl 

4.2 


5 

1.5 Min.; 2.25 Typ. 

V 

9 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High 

Vnh 

0.8 

- 

5 

1.5 Min.; 2.25 Typ. 

1 

- 

10 

3 Min.; 4.5 Typ. 

Noise Margin: 
Inputs Low, 

Vnml 

4.5 

_ 

5 

1 Min. 

V 

9 

- 

10 

1 Min. 

Inputs High, 

Vnmh 

0.5 

- 

5 

1 Min. 

1 

- 

10 

1 Min. 

Output Drive 
Current: 
n-Channel{Sink) 

0.4 

- 

4.5 

2 

3.2 

1.6 

1.1 

1.9 

3.2 

1.6 

1.3 

mA 

IqN Min. 

0.5 

- 

10 

5.6 

9 

4.5 

3.1 

5.4 

9 

4.5 

3.7 

p-channel 

(Source), 

IqP Min. 

4.6 


5 

-2 

-3.2 

-1.6 

-1.1 

-1.9 

-3.2 

-1.6 

-1.3 

9.5 

- 

10 

-5.6 

-9 

-4.5 

-3.1 

-3.8 

-9 

CO 

1 

-2.6 

Input Leakage 
Current, 

huhH 

Ai 

ny Inp 

1 

ut 

15 

± 10”^ Typ., ± 1 Max. 

ma 

3-State Output 
Leakage Current 
'OL'*OH 

Forced 

(Output Disabled) 

- 1 - 1 

±10“^ Typ., ±2 Max. 

pA 


Iamb 

Itypi 

ENT TEMPERATURE (Ta)*25*C 

CAL TEMP COEFFIOENT AT ALL VALUES OF Vcs— 0-3^/*C 1 
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Fig. 3— Minimum output n-channel drain 


characteristics 


DRAIN-TO-SOURCE VOLTAGE (VdS>—V 



Fig. 4— Typical output p-channe! drain 
characteristics. 


DRAIN-TO-SOURCE VOLTAGE (Vps)--V 



Fig. 5— Minimum Output p-channet drain 
characteristics. 
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Fig. 6— Typical power dissipation as a 
function of input frequency. 
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CD4048A Types 


DYNAMIC ELECTRICAL CHARACTER ISTCS at T^ = 25°C and Cl = 15 pF and 50 pF, 
Typical Temperature Coefficient for all values of Vqq = 0.3%/°C Rl “ 200 kl2 

Cl= 15pF 





LIMITS 


CHARACTERISTIC 

TEST 

CONDITIONS 

D, F. K, H 
Packages 

E 

Package 

UNITS 




TYP. 

MAX.* 

TYP. 

MAX.* 


Propagation Delay Time 


5 

750 

1300 

750 

1600 


tPHL 


10 

225 

400 

225 

500 


Transition Time: 


5 

90 

140 

90 

170 


High -to- Low Level t-j-^L 


10 

30 

50 

30 

65 

Low-to-High Level tjLH 


5 

130 

250 

130 

300 

ns 


10 

40 

60 

40 

75 

Input Capacitance C| 

Any Input 


5 

- 

5 

- 

pF 

Cl = 50 pF 

Propagation Delay Time 


5 

775 

1350 

775 

1650 


^PLH'^PHL 


10 

240 

109 

240 

530 


Transition Time: 


5 

105 


105 



High-to-Low Level tj|_|L 


10 

40 

70 

40 

85 


Low-to-High Level tjLH 


5 

145 

280 

145 




10 

50 

80 

50 

95 


Input Capacitance C| 

Any Input 


5 

- 

5 

- 

pF 


* Max. Limits represent worst -case limits for worst-case modes of operation shown in Figs. 15, 16, and 17. 



92CS-22256 

Fig. 7— Typical propagation delay time as a 
function of load capacitance. 



Fig. 8— Typical iow-to-high level transition 

time as a function of load capacitance. 



Fig. 5— Typical high-tO‘low level transition 

time as a function of load capacitance. 


Vdo 




Fig. 10— Quiescent-device-current 
test circuit. 


Fig. 11— Noise-immunity 
test circuit. 


Vdd 

Vss 


T“ 

Vss 


NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH VoD ANOVss' 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
VdoO'^Vss- 


92CS>e7402 


Fig. 12— Input-leakage-current 
test circuit. 
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Fig. 13- f tHU ^TLH ~ AND/NOR. 
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CD4048A Types 



J (OUTPUT )- 
VDO 


X— CD4048A 

vss v|s 

12- INPUT OR/ANO GATE 

J » ( A+B + C + D)-(E + F + G+HJ* ( XI +X2 + X3tX4) 




Fig. 14(a) • 12-input OR /AND gate. 





VdD j (OUTPUT) 


1 ^ 16 
2 15 

L 

W w Kd 

-►Vss 

1 ^ 16 

2 15 

3 14 

Ai H2 

3 14 

4 13 

B| G2 

4 13 

5 12 

C| F2 — 

5 12 

6 1 1 

E2 — 

6 1 1 

7 10 

r~ 

7 10 

8 C04048A 9 

-^vdd ^ 

8 CD4048A 9 


T 

Vss 



J«A| +B| +C| +0| +E| +F| +G| +H| +A2+B2+C2+D2+E2-I-F2+G2+H2 

Fig. 14(b) 16-input NOR gate. 

Applications of Expand Input 

IMPLEMENTATION OF EXPAND INPUT FOR 9 OR MORE INPUTS 


OUTPUT 

FUNCTION 

FUNCTION 
NEEDED AT 
EXPAND INPUT 

OUTPUT BOOLEAN 
EXPRESSION 

NOR 

6r 

J=(A+B+C+D+E+F+G+H)+(EXP) 

OR 

OR 

J=(A+B+C+D+E+F+G+H)+(EXP) 

AND 

NAND 

J=(ABCDEFGH)-(E)^) 

NAND 

NAND 

J=(ABCDEFGH)-{e)^) 

OR/AND 

NOR 

J=(A+B+C+D)-(E+F+G+H)-(E)^) 

OR/NAND 

NOR 

J=(A+B+C+D)-(E+F+G+H)-(E5^) 

AND/NOR 

AND 

J=(ABCO)+(EFGH)+(EXP) 

AND/OR 

AND 

J=(ABCD)+(EFGH)+(EXP) 



Fig. 15-tp,u-NAND. 


CL«l5pF::fc 
OR SOpF-:^ 




*PHL “H P- 
92CS-22264 


Fig. 16 — — AND. 


Notei (EXP) designates the EXPAND function (i.e., X‘|+X2+ • . • X(v|). 





0-1-0 

92CS-222S? 


Fig. 14(c) Actuahcfcguit logic configurations. 

Fig. 14— Expansion logic and truth table. 
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CD4048A Types 



TG = Transmission Gate 
Input to Output is: 

a) A bidirectional low impedance when 
control input 1 is low and control 

2 is high. 

b) An open circuit when control input 1 
is high and control input 2 is low. 

92CM-2225IRI 


FUNCTION TRUTH TABLE 


OUTPUT 

BOOLEAN EXPRESSION 

Ka 

Kb 

Kp 

UNUSED 

FUNCTION 




INPUT* 

NOR 

J=A+B+C+D+E+F+G+H 

0 

0 

0 

^SS 

OR 

J=A+B+C+D+E+F+G+H 

0 

0 

1 

^ss 

OR/AND 

J=(A+B+C+D)-{E+F+G+H) 

0 

1 

0 

Vss 

OR/NAND 

J= ( A+B+C+D)-( E+F+G+H ) 

0 

1 

1 

^ss 

AND 

J=ABCDEFGH 

1 

0 

0 

^DD 

NAND 

J=ABCDEFGH 

1 

0 

1 

^DD 

AND/NOR 

J=ABCD+EFGH 

1 

1 

0 

^DD 

AND/OR 

J=ABCD+EFGH 

1 

1 

1 

Vdd 

K(j=1 Normal Inverter Action 





Kjj=0 High Impedance Output 






EXPAND Input-0 *See Figs. 1 and 7. 


Fig. 17— Logic diagram and truth table. 
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CD4049A, CD4050A Types 


CMOS Hex Buffer/Converters 


CD4049A— Inverting Type 
CD4050A— Non- Inverting Type 

The CD4049A and CD4050A are inverting 
and non-inverting hex buffers, respectively, 
and feature logic-level conversion using only 
one supply voltage (Vcc)- The input-signal 
high level (VjH) can exceed the Vcc supply 
voltage when these devices are used for logic- 
level conversions. These devices are intended 
for use as CMOS to DTL/TTL converters 
and can drive directly two DTL/TTL loads. 
(Vcc=5V,VoL>0.4V,and lpN>3.2mA.) 
The CD4049A and CD4050A are designated 
as replacements for CD4009A and CD4010A, 
respectively. Because the CD4049A and 
CD4050A require only one power supply, 
they are preferred over the CD4009A and 
CD4010A and should be used in place of the 
CD4009A and CD4010A in all inverter, cur- 
rent driver, or logic-level conversion appli- 
cations. In these applications the CD4049A 
and CD4050A are pin compatible with the 
CD4009A and CD4010A respectively, and 
can be substituted for these devices In 
existing as well as in new designs. Terminal 
No. 16 is not connected internally on the 
CD4049A or CD4050A, therefore, connection 
to this terminal is of no consequence to cir- 
cuit operation. For applications not re- 
quiring high sink-current or voltage conver- 
sion, the CD4069 Hex Inverter is recom- 
mended. 

These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 1 6-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 

Features: 

■ High sink current for driving 2 TTL loads 

■ High-to-low level logic conversion 

■ Quiescent current specified to 15 V 

■ Maximum input leakage of 1 juA at 15 V 
(full package-temperature range) 

Applications: 

■ CMOS to DTL/TTL hex converter 

■ CMOS current "sink” or “source” 


driver 

” CMOS hIgh-to-low logic-level 
converter 


A <=-A 


B "-5 

B ^ 

C I=c 

c I-C 

0 J.6 

0 J.B 



E lt{>- .. 


Vcc — '■ 

Vss 

Vcc — ! 

Vss-i— 

NC = I3 

NC = I6 

NC =13 «cs-2rsor 

NC =16 

CD4049A 

CD4050A 

I Fig. 1 — Functional diagrams. 


RECOMMENDED OPERATING CONDITIONS at Ta= 250C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

Min. 

Max. 

Supply-Voltage Range (V^q) T/^=FuII Package- 

Temperature Range) 

3 

12 

V 

Input Voltage Range (V|) 

< 

o 

o 

12 

V 


*The CD4049 and CD4050 have high-to-low-level voltage conversion capability but not 
low-to-high-level; therefore it is recommended that \/| ^ 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 

Conditions 

Limits at Indicated Temperatures (°C) 

Units 

D, F, K, H Packages 

E Package \ 

Vo 

(V) 

V|N 

(V) 

Vcc 

(V) 

-55 

+25 

+125 

-40 

+25 1 

+85 

Typ. 

Limit 

Typ. 

Limit 

Quiescent 

Device 

Current, 

II Max. 

_ 

_ 

5 

0.3 

0.01 

0.3 

20 

3 

0.03 

3 

42 

ixA 

- 

- 

10 

0.5 

0.01 

0.5 

30 

5 

0.05 

5 

70 

- 

- 

15 

10 

0.02 

10 

100 

50 

0.05 

50 

500 

Output 

Voltage: 

Low-Level, 

Vql 


0,5 

5 

0 Typ.; 0.05 Max. 

V 

- 

0, 10 

10 

0 Typ.; 0.05 Max. 

High-Level, 

VqH 

- 

0,5 

5 

4.95 Min.; 5 Typ. 

- 

0, 10 

10 

9.95 Min.; 10 Typ. 

Noise 
Immunity: 
Inputs Low, 

Vnl 

CD4050A 

3.6 


5 

1.5 Min.; 2.25 Typ. 

V 

7.2 

- 

10 

3 Min.; 4.5 Typ. 

Inputs High, 

Vnh 

All Types 

1.4 

- 

5 

1.5 Min.; 2.25 Typ. 

2.8 

— 

10 

3 Min.; 4.5 Typ. 

Inputs Low, 

Vnl 

CD4049A 

3.6 

- 

5 

1 Min.; 1 .5 Typ. 

7.2 

- 

10 

2 Min.; 3 Typ. 

Noise 

Margin: 
inputs Low, 

Vnml'^''^- 

CD4050A 

4.5 


5 

1 Min. 

V 

9 

— 

10 

1 Min. 

Inputs High, 
VnmH IVlin. 
CD4050A 

0.5 

- 

5 

1 Min. 

1 

— 

m 

1 Min. 

Output Drive 
Current: 
N-Channel 
(Sink), 

IqN Min. 

0.4 

■ 

1 

■ 


2.6 

1.8 

3.1 

1 


2.1 

mA 

ESI 

- 


■cwsa 

6 

3 

2.1 

lEa 



mak 

09 

;B]|| 

■a 

■El 

■a 



B 


BsB 

i^i 

P-Channel 

(Source), 

IqP Min. 

am 

- 

wm 



IBB 


IBQ 


IBQ 

■BilEl 


1^91 

B 


'BEB 

lam 

iBa 

IBB 

s 

IBE9 

WBM 



HBi 

■a 

-1.85 

m 

-1.25 

1 -0.9 

IBB 


|-1.25 

1 


Input 

Leakage 

Current, 

hu hH 

Max. 

Any Input 

15 

±10 ® Typ., ±1 Max. 

fa 
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CD4049A, CD4050A Types 


MAXIMUM RATINGS. Absolute-Maximum Values: 


STORAGE-TEMPERATURE RANGE (T^jg) -66 to +150°C 

OPERATING-TEMPERATURE RANGE (T^); 

PACKAGE TYPES D, F, K, H -55 to -H25°C 

PACKAGE TYPE E -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE, (Vqq) 

(Voltages referenced to Vgg Terminal) —0.5 to -H5 V 

POWER DISSIPATION PER PACKAGE (Pq): 

POR T^= -40 to +60°C (PACKAGE TYPE E ) 500 mW 


FOR T^= +60 to +85°C (PACKAGE TYPE E ) Derate Linearly at 12 mW/°C to 200 mW 

FOR T;^ = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR = +100 to +125°C (PACKAGE TYPES D, F. K). Derate Linearly at 12 mW/^C to 200 mW 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T^ = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqq +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING) 

At distance 1/16 ± 1 /32 inch ( 1 .59 ± 0 79 mm) from case for 10 s max +265°C 



92CS-204e0 


Fig. 3-Minimum and maximum voltage 
transfer characteristics for 
CD4050A. 



teristics as a function of tempera- 
ture for CD4049A. 
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Fig. 9— Typical and minimum p-channel drain 
characteristics as a function of gate-to- 
source voltage (Vq^) for CD4049A, 
CD4050A. 
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Fig. 2-Minimum and maximum voltage 
transfer characteristics for 
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Fig. 5— Minimum and maximum voltage 
transfer characteristics for 
CD4050A. 
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Fig. 8— Typical and minimum n-channel drain 
characteristics as a function of gate-to ■ 
source voltage (V q^) for CD4049A, CD4050A. 



Fig. 1 1— Typical high-to-low level propagation delay 
time vs. for CD4050A. 
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CD4049A, CD4050A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Input tptf=20 ns 

Cl=15pF, Ri= 200 kn 



Fig. 14— Typical high-to-low level transition time 
vs. C, for CD4049A, CD4050A. 
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Fig. 15— Typical low-to-high level transition time 
vs. C, for CD4049A, CD4050A. 
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Fig. 17— Typical power dissipation vs. transition 
time per inverter CD4049A. 
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Fig. 19- Noise, immunity test circuit. Fig. 20- Input leakage current test circuit. Fig. 2 1 -^Quiescent device curren t test circuit. 
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Fig. 18— Typical power dissipation vs. transition 
time per inverter CD4050A. 
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Fig. 12— Typical low-to-high level propagation delay 
time vs. Ci for CD4049A. 
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CD4057A Types 


CMOS LSI 4-Bit Arithmetic Logic Unit 


The RCA-CD4057A is a low-power arithme- 
tic logic unit (ALU) designed for use in LSI 
computers. An arithmetic system of virtually 
any size can be constructed by wiring to- 
gether a number of CD4057A ALU's. The 
CD4057A provides 4-bit arithmetic opera- 
tions, time sharing of data terminals, and full 
functional decoding for all control lines. The 
distributed control system of this device 
provides great flexibility in system designs 
by allowing hard-wired connection of N 
units in 4^ unique combinations. Four 
control lines provide 16 instructions which 
include Addition, Subtraction, Bidirectional 
and Cycle Shifts, Up-Down Counting, AND, 
OR, and Exclusive-OR logic operations. 

Two mode control lines allow the CD4057A 
to function as any 4-bit section of a larger 
arithmetic unit by controlling the bidirec- 
tional serial transfer of data to adjacent 
arithmetic arrays. By means of three "Con- 
ditional Control" lines Overflow, All Zeros, 
and Negative State conditions may be 


Applications: 

■ Parallel Arithmetic Units 

■ Process Controllers 

■ Remote Data Sets 

■ Graphic Display Terminals 


detected and used to establish a conditional 
operation. Predetermined operation of the 
CD4057A on a conditional basis allows 
greater ALU flexibility. Although especially 
applicable as a parallel arithmetic unit, the 
CD4057A also finds use in virtually any 
application requiring one or more of its 16 
basic instructions. The CD4057A is supplied 
in a hermetically sealed 28-lead dual-in-line 
ceramic package {CD4057AD). 28-lead cer- 
amic flat package (CD4057AK), and in chip 
form (CD4057AH). 



Fig. 1 — Block diagram — CD4057A. 

Features: 

■ LSI Complexity on a Single Chip 

■ 16- Instruction Capability 
-Add, Subtract, Count 
-AND, OR, Exclusive-OR 
-Right, Left, or Cyclic Shifts 

■ Bidirectional Data Busses 

■ Instruction Decoding on Chip 


MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE ITj^g) -65 to -H50°C 

OPERATING-TEMPERATURE RANGE (T^^): 

PACKAGE TYPES D. K, H -55 to -H 250C 

DC SUPPLY-VOLTAGE RANGE, (V^p) 

(Voltages referenced to Vgg Terminal) —0.5 to -H5 V 

POWER DISSIPATION PER PACKAGE (Pq): 

For Ty^ = -55 to +100'’C (PACKAGE TYPES D.K) 500 mW 

For T^ = -HOO to +125^*0 (PACKAGE TYPES D, K) Derate Linearly at 12 mW/*C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T^ = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V^q +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1 /32 inch (1 .59 ± 0.79 mm) from case for 10 s max -»-265°C 


■ Fully Static Operation 

■ Single-Phase Clocking 

■ Easily Expandable to 8, 12, 16,. 

... Bit Operation 

■ Low Quiescent Device Dissipation . . 

10)LtW (typ.) 

■ Conditional-Operation Controls on Chip 

■ Add Time (Data In-To Sum Out) 

=375 ns (typ) at 10V 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 //A 
at 15 V (full package-temperature range) 

■ 1-V noise margin (full package-temperature 
range) 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 

VdD 

(V) 

LIMITS 

UNITS 

Min. 

Max. 

Supply-Voltage Range (For T/^ = Full 


3 

12 

V 

Package-Temperature Range) 





Setup Time, t 5 

5 

40 

- 


DATA 

10 

20 

- 

ns 

OPCODE 

5 

4590 

_ 


10 

1320 

- 



5 

1200 



Clock Pulse Width, tyy 

10 

375 

- 

ns 

Clock Input Frequency, fQ|_ 

5 

0.13 

_ 


Count Mode 

10 

0.46 

- 

MHz 

Shift Mode 

5 

0.33 

— 


10 

1.4 

- 


Clock Rise or Fall Time, t^CL, tfCL 

5 

10 

— 

15 

15 

ps 



tpD (Dl - Cq) + 3 tpQ (Cf - Cq) = 790 ns 

013-16 

tpD (Dj - Cq) * 2 tpo (Cj - CqI * tpD (Cj - Sq) = 925 ns 

S13-16 

tpD (Dl - Cq) + 2 tpD (Ci - Cq) = 615 ns 
09^12 

tpD (Dl - Cq) + tpD (Cl - Co)+ tpo (Cj - Sq) = 750 ns 

S9-12 

ipD (Dj - Cq) + tpD (Cl - Cq) = 440 ns 

D5-8 

ipD (Dj - Cq) + tpD (Cl - Sq) = 575 ns 

S5-8 

tpD (Dj - Cq) = 265 ns 
D1-4 

tpD (Dl- Sq) = 375 ns 

SI 4 


92CS-2I875 


Fig. 2 — Typical speed characteristics of a 16-bit ALU at Vqq * 10 V. 
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CD4057A Types 


STATIC ELECTRICAL CHARACTERISTICS 




Limits at Indicated Temperatures Cc) 

UNITS 

CD4057AD, CD4057AK, CD4057AH 



RQ 


25‘^C 


|S| 

1221 

IIBII 

QQ 



2B[ 

Quiescent Device 

Current \\_ 

- 

- 

5 

- 

3 

Bl 

09 

B 

B 

IBl 

H 

- 

- 

10 

Bl 

M 

Bl 

B 

B 

B 

Bll 

- 

B 

111 

Bl 

Bl 

Bl 

B 


B 


Output Voltage; 

Low- Level, V ql 

B 

D 

m 

0 Typ.; 0.05 Max. 

B 

B 

m 

Bl 

0 Typ.; 0.05 Max. 

High Level, Vq|^ 

B 

D 


4.95 Min.; 5 Typ. 

B 

Bi 

D 



Noise Immunity 
(All Inputs) 

Vnu Vnh 


- 

5 

1.5 Min.; 2.25 Typ. 

1 

1 

B 

m 

3 Min.; 4.5 Typ. 

m 

- 

5 

1.5 Min.; 2.25 Typ. 

9 

- 

10 

3'Min.; 4.5 Typ. 

Noise Margin: 

Inputs Low, 

vnml 

4.5 

- 

5 

1 Min. 

V 

9 

- 

10 

1 Min. 

Inputs High, 

Vnmh 

0.5 

- 

5 

1 Min. 

1 

- 

10 

1 Min. 

Output Drive Current; 

IdN,IdP 

Zero Indicator 

n-channel 

0.5 

- 

5 

0.11 

- 

0.09 

0.16 

- 

0.06 

- 

mA 

0,5 

_ 

10 

0.12 


0.10 

0.16 


0.07 


p-channel 

3 

- 

5 

0.04 

- 

0.03 

0.06 

- 

0.02 

- 

7 

- 

10 

0.08 

- 

0.07 

0.13 

- 

0.05 

- 

Negative Indicator 

n-channel 

0.5 

- 

5 

0.11 

- 

0.09 

0.30 

- 

0.06 

- 

0.5 

- 

10 

0.12 

- 

0.10 

HBI 

- 

Wit 

- 

p-channel 

4.5 

- 

5 

0.07 

- 

0.06 


IB 

0.04 

- 

9.5 

- 

10 

0.12 

- 

0.10 

0.30 

- 


iBI 

Overflow Indicator 

n-channel 

0.5 

- 

5 

0.25 

- 

0.20 

0.50 

- 

QQ 

Hi 

0.5 

- 

10 

0.37 

- 

0.30 


B 

Bl 


p-channel 

4.5 

- 

5 

0.08 

- 

0.07 

BBI 

B 

0.05 

- 

9.5 

- 

10 

0.12 

- 

0.10 

0.38 

- 

0.07 

- 

All Other Outputs 

n-channel 

0.5 

- 

5 

0.11 

- 

0.09 

0.10 

- 

0.06 

- 


0.5 

- 

10 

0.06 

- 

0.05 

0.12 

- 

0.03 

- 


p-channel 

4.5 

- 

5 

0.02 

- 

0.02 

0.05 

- 

0.01 

- 


9.5 

- 

10 

0.06 

- 

0.05 

0.08 

- 

0.03 

- 


Input Leakage 

Current 
■iL' 'IH' 

Any Input 

±10“®Typ., ±1 Max. 

flA 



Fig. 3 — Maximum counting frequency vs. 

supply voltage for a typical CD4057A. 
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3 

50 


-5 100 


LOAD CAPACITANCE (Cj — pF 

92CS-2ie8l 


Fig. 4 — Transition time vs. load capacitance 
for data outputs (D1-D4). 


CLOCK PULSE RISE AND FALL TIMES 



Fig. 5 — Clock pulse rise and fall times. 



Fig. 6 — Data setup time. 


CLOCK* 


DATA OUT* 
CONTROL 




Voo 

,t(>20n« 

9205-21874 


Fig. 7 — Data hold time. 
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CD4057A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at 7^ = 25 C and Cl= 15pF, Rl = 

tptf = 20 ns 

Typical Temperature Coefficient at all values of Vqq = 0.3%/°C 


CHARACTERISl 


Propagation Delay Time: 
tPLH'^PHL 
DATA IN-to- 
SUM OUT 

CARRY IN-to- 
SUM OUT 



DATA IN-to- 
CARRYOUT 


CARRY IN-to- 
CARRYOUT 


Zl Input 
-to- 

Zi Output 


CONDITIONS 


VdD 


Transition Time: 
^TLH'^THL 
Zl Output 


Negative Indicator and 
Overflow Indicator 

All Other 
Outputs 

Minimum Clock Pulse 
Width, tyy 

Clock Rise and Fall Time, 
t^CUtfCL 

Minimum Set Up Time : tsLH'^SHL 
DATA 


Minimum Data Hold Time, tHLH,tHHL 

Maximum Clock Frequency: fQL 
Count Mode 


Input Capacitance, C| 




5 


10 

^ 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

ANY INPUT 


CD4057AD, CO4057AK 


Min. Typ. Max. 




915 

2550 

310 

840 


2580 


720 

1^1 

1320 

175 

480 

1980 

5400 


1 2040 

265 

720 


300 


4500 


420 1140 


220 600 
300 825 

165 450 

1000 2775 

475 1275 

400 1200 

125 375 


1875 4590 

485 1320 


20 

- 10 

0.13 0.36 

0.46 1.35 

0.33 0.90 


LOGIC DESCRIPTION 
OPERATIONAL MODES 

The CD4057A arithmetic logic unit operates 
In one of four possible modes. These modes 
control the transfer of Information, either 
serial data or arithmetic operation carries, to 
and from the serial-data lines. Fig. 8 shows 
the manner in which the four modes control 
the data on the serial-data lines. 


Hmode I right 

'-Z _ O ' f! ODATA 

— ? P ' LINE 


HMODEZHx^ VSS! right 


^MODE'2| < ► 



Fig. 8 — Schematic of "Mode" concept. 
In MODE 0, data can enter or leave from 
either the left or the right 
serial-data line. 

In MODE 1, data can enter or leave only on 
the left serial-data line. 

In MODE 2, data can enter or leave only 
on the right serial-data line. 

In MODE 3, serial data can neither enter 
nor leave the register, regardless 
of the nature of the operation. 
Furthermore, the register is 
by-passed electrically, i.e., 
there is an electrical bidirec- 
tional path between the right 
and left serial data terminals. 
The two Input lines labeled Cl and C2 in 
the terminal assignment diagram define one 
pf four possible modes shown in Table I. 
Through the use of mode control. Individual 
arithmetic arrays can be cascaded to form 
one large processor or many processors of 
various lengths. 

TABLE I - MODE DEFINITION 


C2 

Cl 

MODE 

0 

0 

0 

0 

1 

1 

1 

0 

2 

1 

1 

3 


Examples of how one " hard-wired 
combination of three ALU's can form (a) a 
12-bit parallel processor, (b) one 8-bit and 
one 4-bit parallel processor, or (c) three 
4-bit parallel processors, merely by changes 
in the modes of each ALU are shown in 
Fig. 10. 
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CD4057A Types 



Vss 


Fig. 9 — Simplified logic diagram. 


Data-flow interruptions are shown by shaded 
areas. With these three ALU's and the four 
available modes, 61 more system combina- 
tions can be formed. If 4 ALU's are used, 
44 combinations (256) are possible. Fig. 1 1 
shows a diagram of 4 CD4057A's inter- 
connected to form a 16-bit parallel processor. 


1. MODE 2~~| 1 MODE 0 | [~ MODE I 

Mooir MODE I 

MODE I I-l MODE 3 


szcs-zozs** 


Fig. 10— "Mode” connections for parallel 
processor: 

(a) 12-bit unit, 

(b) one 8-bit and one 4-bit unit 

(c) three 4-bit units. 


NOTE: The BYPASS terminal of the "most 
significant" CD4057A is connected to the 
bypass terminal of the "least significant" 
CD4057A. The bypass terminals on all other 
CD4057A's are left floating. This inter- 
connection is performed whenever more 
than one CD4057A are used to form a 
processor. 

rWSTRUCTION REPERTOIRE 


Four encoded lines are used to represent 
16 instructions. Encoded instructions are as 
follows: 


abed 

0 0 0 0 NO-OP (Operational Inhibit) 

0 0 0 1 AND 
0 0 10 Countdown 
0 0 11 Count up 
0 10 0 Subtract Stored number 
from zero (SMZ) 

0 10 1 Subtract from parallel data 

lines (SM) (stored number from 
parallel data lines) 

0 110 Add (AD) 

0 111 Subtract (SUB) (Parallel data 

lines from stored number) 

1 0 0 0 Set to all ones (SET) 

10 0 1 Clear to all zeroes (CLEAR) 
10 10 Exclusive-OR 

10 11 OR 

110 0 Input Data (From parallel 
data lines) 

110 1 Left shift 

1110 Right shift 

1111 Rotate (cycle) right 


All instructions are executed on the positive 
edge of the clock. 

PARALLEL COMMANDS 

a. CLEAR — sets register to zero. 

b. SET —sets register to all ones. 

c. OR —processes contents of register 
with value on parallel-data lines in 
a logical OR function. 

d. AND —processes contents of register 
with value on parallel-data lines in 

a logical AND function. 


e. Exciusive-OR — processes contents 
of register with data on parallel-data 
lines in a logical Exclusive-OR function. 

f. IN —loads data on parallel-data lines 
into register. 

g. DATA OUT CONTROL - unloads 
contents of register and overflow 
flip-flop onto parallel data lines and 
overflow I/O independent of all other 
controls. 

h. SUB: 

In Mode 0, adds to the contents of 
the register the one's com- 
plement of the data on the 
parallel-data lines. Carries 
can enter on the right 
serial data line and can 
leave on the left serial 
data line. The overflow 
indicator does not change 
state. 

In Mode 1 , adds to the contents of the 
register the two's comple- 
ment of the data on the 
parallel-data lines. Gener- 
ated carries can leave on 
the left serial line. The 
CARRY IN is set to zero. 
The overflow indicator 
does not change state. 

In Mode 2, same as Mode 0, except 
carries cannot leave on the 
right serial-data line.The 
absence or presence of an 
overflow is registered. 

In Mode 3, same as Mode 1, except 
carries cannot leave on the 
left serial-date line. The 
absence or presence of an 
overflow is registered. 

i. COUNT UP; 

In Mode 0, adds to the contents of the 
register the data on the 
right serial-data line and 
permits any resulting carry 
to leave on the left serial- 
data line. No data enters 
the parallel-data lines. 

In Model, internally adds a one to 
the contents of the register 
and permits any resulting 
carry to leave on the left 
serial-data line. No data 
enters or leaves the right 
serial-data line. 

In Mode 2, adds to the contents of the 
register the data on the 
right serial-data line. No 
data enters or leaves the 
left serial-data line. 

In Mode 3, internally adds a one to 
the contents of the register 
No data enters or leaves 
the register on any serial- 
data or parallel-data line. 

In all modes, with the 
DATA OUT control high 


596 















CD4057A Types 





92CS- 20239 

Fig. 11— Connection for 16-bit arithmetic logic unit. 


the count is presented on 
the parallel data lines (01* 
D4). 

j. COUNTDOWN: 

In Mode 0, subtracts a one (2's comple- 
ment form) from the con- 
tents of the register and 
adds to this result the data 
on the right serial-data line 
and permits any resulting 
carry to leave on the left 
serial-data line. No data 
enters on the parallel-data 
lines. 

In Mode 1, internally subtracts a one 
from the contents of the 
register and permits any 
resulting carry to leave on 
the left serial-data line. No 
data enters or leaves the 
right serial-data line. 

In Mode 2, subtracts a one from the 
contents of the register and 
adds to this result the data 
on the right serial-data line. 
No data enters or leaves on 
the left serial-data line. 

In Mode 3, internally subtracts a one 

from the contents of the 

register. No data enters or 
leaves on the serial-data 
lines. 

In all modes, with the DATA OUT control 
high the count is presented on the parallel 

data lines (D1-D4). 

k. ADD(AD): 

In Mode 0, adds the contents of the 

register to the data on the 

parallel-data lines and the 

right serial-data line. Any 
resulting carry can leave on 
the left serial-data line. The 
overflow indicator does not 
change state. 

In Model, adds the contents of the 
register to the data on the 
parallel-data lines and allows 
any resulting carry to leave 
on the left serial-data line. 
The right serial-data line is 


open-circuited. The over- 
flow indicator does not 
change state. The CARRY- 
IN is set to zero. 

In Mode 2, adds the contents of the 
register to the data on the 
parallel data lines and the 
right serial-data line. Any 
overflow sets the overflow 
indicator- The left serial- 
data line is open-circuited. 
The absence or presence of 
an overflow is registered. 

In Mode 3, adds contents of the register 
to the data on the parallel- 
data lines. Any resulting 
carry sets the overflow indi- 
cator. The two serial-data 
lines are open circuited. The 
absence or presence of an 
overflow is registered. The 
CARRY-IN is set to zero. 

l. SM — same operation as AD except the 
contents of the register are two's comple- 
mented during addition in Mode 1 and 
Mode 3. In Mode 0 or Mode 2, the con- 
tents of the register are one's comple- 
mented and added to the data on the 
right serial-data line and the parallel- 
data lines. Overflows occurring in Mode 
1 or Mode 0 do not alter the overflow 
indicator. The presence or absence of 
overflows Is registered on the overflow 
indicator in Mode 2 or Mode 3. 

m. SMZ; 

In Mode 0, one's complements the 
contents of the register 
and adds the data on the 
right serial-data line to the 
contents of the register. 
Any resulting carry can 
leave on the left serial- 
data line. The overflow 
indicator does not change 
state. 

In Mode 1, two's complements the 
contents of the register 
and permits any carry to 
leave on the left serial- 
data line. No data can 
enter the right serial-data 


line. The overflow indi- 
cator does not change 
state. The CARRY-IN is 
set to zero. 

In Mode 2, one's complements the 
contents of the register 
and adds the data on the 
right serial-data line to the 
contents of the register. 
Carries cannot leave the 
left serial data line. The 
absence or presence of an 
overflow alters the 
overflow indicator. 

In Mode 3, two's complements the 
contents of the register. 
Serial data can neither 
enter the right serial- 
data line nor leave the 
left serial-data line. The 
overflow indicator is at 
zero. The CARRY-IN is 
set to zero. 

n. NO-OP — no operation takes place. 
The clock input is inhib- 
ited and the state of all 
registers and indicators 
remains unchanged. 
SERIAL-SHIFT OPERATIONS 

a. ROTATE (cycle) RIGHT - This opera- 
tion is internal. The contents of the 
register shift to the right, cyclic fashion 
with the leftmost stage accepting data 
from the rightmost stage regardless of 
the mode. Data can leave the register 
serially on the right data line only while 
the register is in Mode 1 or Mode 0. 
Data can enter the left data line serially 
while the register is in Mode 1 or Mode 
0. The Rol terminal of the "Most 
Significant" CD4057A must be connect- 
ed to the Ro2 terminal of the "Least 
Significant" CD4057A. All other Rol 
and Ro2 terminals must be left floating. 
When only one CD4057A is used, Rol 
must be connected to Ro2. 

b. RIGHT SHIFT — The contents of the 
register shift to the right and serial opera- 
tions are as follows: 

In Mode 0, data can enter serially on 
the left data line, shift 
through the register, and 
leave on the right data 
line. 

In Mode 1, data can enter serially on 
the left data line. The 
right data line effectively 
is open - circuited. 

In Mode 2, data can leave serially on 
the right data line. The left 
data line effectively is open- 
circuited. Vacant spaces are 
filled with zeros. 

In Mode 3, serial data can neither en- 
ter nor leave the register; 
however,the contents shift 
to the right and vacated 
places are filled with zeros. 
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In ail modes, with the DATA OUT 
control high the data is presented 
on the parallel data lines (D1-D4). 

c. LEFT SHIFT — The contents of the 
register shift to the left and serial 
operations are as follows; 

In Mode 0, data can enter the right 
data line, shift through the 
register, and leave on the 
left data line. 

in Mode 1 , data can leave serially on 
the left data line. The right 
data line effectively is 
open-circuited. All vacant 
positions are filled with 
zeros. 

In Mode 2, data can enter serially on 
the right data line. The 
left data line effectively is 
open-circuited. 

In Mode 3, data can neither enter nor 
leave the register; however, 
the contents shift to the 
left, and vacated places 
are filled with zeros. 

In all modes, with the DATA OUT 
control high the data is presented on 
the parallel data lines (D1-D4). 

Because the "DATA OUT" control instruc- 
tion is independent of the other 16 instruc- 
tions, care must be taken not to activate 
this control when data are to be loaded into 
the processor. This instruction should only 
be activated when the processor is executing 
a NO-OP, any SHIFT, SMZ, COUNT UP or 
DOWN, CLEAR, or SET. 



Fig. 12 — Timing diagram. 


NEGATIVE-NUMBER DETECTION 


If a data line, serial or parallel, is used as an 
input and the logic state of that line is not 
defined (i.e., the line is an open circuit), then 
the result of any operation using that line is 
undefined. 


OPERATIONAL SEQUENCE FOR 

ARITHMETIC ADD CYCLE 

1. Apply IN Instruction and Word A on 
Parallel Data Lines (D1— D4). 

2. Apply CLOCK to load Word A into 
the register. 

3. Apply OP CODE Instruction and Word 
B on Data Lines. 

4. Apply CLOCK to load resulting 
function of A and B into the register. 

5. Apply "DATA OUT" control to 
present result to Parallel Data Lines. 


NOTE: Transitions of Step 2 and Step 3 
may occur almost simultaneously; i.e. 
separated by only one data-hold time. 


The NEG IND terminal of the CD4057A is 
connected to the output of the flip-flop 
that is in the most significant bit position. 
A "1" on the NEG IND terminal indicates 
a negative number is in the register. This 
detection is also Independent of modes. 

ZERO DETECTION 

The condition of "all zeros" is indicated 
by a "1" on the Zero Indicator terminal 
of the "Most Significant" CD4057A. 

As shown in Fig. 1 1 , terminal Zl of the 
CD4057A containing the least significant 
set of bits is connected to Vqq. Zero 
indication is independent of modes. 

COMPLEMENTING NUMBERS 

1 . One's complement of number in ALU 
register. 

a) ALU must be in MODE 0 or MODE' 2. 

b) Zero on Rt. Data Line. 

c) Execute an SMZ instruction. 

(Continued) 
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2. One's complement of number to be 
loaded into ALU register. 

a) If zero indicator output is low, 
execute a CLEAR instruction, and 
make Rt. Data Line = 0. 

b) ALU must be in MODE 0 or MODE 2. 

c) Execute an SUB instruction. 

3. Two's complement of number in ALU 
register. 

a) ALU must be in MODE 1 or MODE 3. 

b) Execute an SMZ instruction. 

4. Two's complement of number to be 
loaded into ALU register. 

a) If zero indicator output is low, 
execute a CLEAR instruction, 
and make Rt. Data Line = 0. 

b) ALU must be in MODE 1 or MODE 3. 

c) Execute an SUB instruction. 

The following algorithms are given as a 
general guideline to demonstrate some of 
the capabilities of the CD4057A. 


MULTIPLICATION OF 
TWO N-BIT NUMBERS 

CD4057A 
ALU 
(2 N Bit s) 

00 . . .0/00 . . 0 0. . .O/Aj * a-j. . .a(^_'| 



0. ..00/Bs*bi...bN_-| 



Multiplicand 


and Bg are sign bits 


Multiplication Algorithm 

1. Clear ALU to Zero 

2. Store Ag© Bg in External Flip-Flop. 

3. If Ag = 1, Complement Register 1. 

4. If Bg = 1 , Complement Register 2. 

5. Load Register 2 into ALU. 

6. Do shift Left on ALU N Times 
(N = number of bits). 

7. Do N Times: 

( 1 ) 

a) If MSB of ALU = 1 
(Negative Indicator = High), 

Then shift ALU left 1 bit; 
add Register 1 to ALU. 

b) If MSB of ALU = 0 
(Negative Indicator = Low) 

Then shift ALU left 1 bit. 

8. If Ag © Bg = 1, then Complement 
ALU. 

9. Answer in ALU. 


Division Algorithm 


Agai ...aN_i ^N • • a2N-1 



Divisor 


1. Store Ag © Bg in External Flip-Flop. 

2. If Ag = 1, complement ALU 1 and ALU 2. 

3. If Bg = 1 , complement Register A. 

4. Check for Divisor = 0 

a) If Divisor = 0; stop, indicates 
division by 0. 

b) If Divisor #=0; continue. 

5. Apply SUB instruction to ALU 1 
and the contents of Register A to 
ALU 1 data lines. 

6. Put a zero on RT data line of ALU 
2 and shift ALU 1 & ALU 2 left 1 
bit. 

7. Do "N" times. 

(1) Apply a sub instruction to ALU 1 
and the contents of Register A to 
the ALU 1 data lines. 

a) If Cq = 1 , then clock ALU 1 , and 
put a 1 on right data line of ALU 2. 

b) If Co = 0, then do not clock, and put 
a 0 on right data line of ALU 2. 

(2) Shift left 1 bit. 

8. If sign Flip Flop = 1, complement 
ALU 2. 

9. Answer in ALU 2. 


CONDITIONAL OPERATION 

Inhibition of the clock pulse can be accom- 
plished with a programmed NO-OP instruc- 
tion or through conditional input terminals 
A,B,and C.ln a system of many CD4057A's, 
each CD4057A can be made to automati- 
cally control its own operation or the 
operation of any other CD4057A In the 
system in conjunction with the Overflow, 
Zero, or Negative (Number) indicators. 
Table II, the conditional Inputs, truth 
table, defines the interactions among A,B, 
and C. 


TABLE II- CONDITIONAL-INPUTS 
TRUTH TABLE 


A 

B 

c 

OPERATION 

PERMITTED 

0 

X 

X 

Yes 

1 

0 

0 

Yes 

1 

0 

1 

No 

1 

1 

0 

No 

1 

1 

1 

Yes 


X = don't care 


Two examples of how the conditional 
operation can be used are as follows: 

1 ) For the Multiplication Algorithm 
A = 1 , for step 7(1) 

A = 0, for step 7 (2) 

B= 1 

C = negative Indicator 

2) For the Division Algorithm 

A = 1 , for step 7(1) 

A = 0, for step 7 (2) 

B= 1 

C == Cq (left data line) 

OVERFLOW DETECTION 

The CD4057A is capable of detecting and 
indicating the presence or absence of an 
arithmetic two's-complement overflow. A 
two's-complement overflow is defined as 
having occurred if the signs of the two initial 
words are the same and the sign of the result 
is different while performing a carry-gener- 
ating instruction. 

0.011 

For example: (+) 0,1 10 

1.001 

Overflows can be detected and Indicated 
only during operation in Mode 2 or Mode 3 
and can occur for only four instructions 
(AD, SMZ, SM, and SUB). If an overflow is 
detected and stored in the overflow flip-flop, 
any one of the five instructions AD, SMZ, 
SM, SUB, or IN can change the overflow 
indicator. 

When any of the three subtraction Instruc- 
tions is used, the sign bit of the data being 
subtracted is complemented and this value 
is used as one of the two initial signs to 
detect overflows. If an overflow has occur- 
red, the final sign of the sum or difference is 
one's complemented and stored In the most- 
significant-bit position of the register. 

The overflow flip-flop is updated at the same 
time the new result is stored in the 
CD4057A. Whenever data on the parallel- 
data lines are loaded into the CD4057A, 
whatever is on the Overflow 1/0 line is 
loaded into the overflow flip-flop. Also, 
whenever data are dumped on the parallel 
data lines from the CD4057A, the contents 
of the overflow flip-flop are dumped o,n the 
Overflow 1/0 line. Thus overflows may be 
stored elsewhere and then fed into the 
Cn4057A at another time. 



CD4057A 
ALU 1 
(N Bits) 


CD4057A 
ALU 2 
(N Bits) 
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OPERATIONAL SEQUENCE 
AND WAVEFORMS FOR 
PROPAGATION-DELAY MEASUREMENTS 
1. DATA-IN-to-CARRY OUT and DATA 
IN-to-SUM OUT 

A. Apply Word A and IN instruction 

B. Apply Clock to load word A into 
register 

C. Apply AD instruction 

D. Apply Word B (data in) 

E. Apply Clock to load result 
(sum out) 

F. Apply DATA OUT CONTROL 
to look at result 


A B C 0 E 

i I I I i 


0 DATA IN 
0 CARRY OUT 
0 SUM OUT 

©-♦® oata in to carry out 

0 -►0 DATA IN TO SUM OUT 



• SOLID LINE REPRESENTS INPUT 
PROM EXTERIOR SOURCE WHEN 
1)ATA OUT IS LOW. OASMEO LINES 
REPRESENT OUTPUT WHEN ^ATA 
our* IS HIGH 92CS-iieT8 


Fig. 14(a) - DATA IN-to-CARRY OUT and 
DATA IN-to-SUM OUT. 


CARRY IN-to-CARRY OUT and CARRY 
IN-to-SUM OUT 

A. Apply Word A and IN instruction 

B. Apply Clock to load word A into 
register 

C. Apply AD instruction 

D. Apply Word B 

E. Apply CARRY IN (carry in) 

F. Apply Clock to load result 
(sum out) 

G. Apply DATA OUT CONTROL 
to look at result 


A B C D E P G 

I i I ^ I u 



NOTE-. 

TEST ANY ONE INPUT, 
WITH OTHER INPUTS AT 

:-27400 '^OO ORVsS' 


Fig. 15 — Noise-immunity test circuit. 




Fig. 16— Quiescent-device-current 


Vss 



NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH Vqo ANOVss 
CONNECT ALL UNUSED 
INPUTS TO either 
VbdORVss 


0 CARRY IN 
0 CARRY OUT 
0 SUM OUT 

0—»@ CARRY IN TO CARRY OUT 
0 — ► 0CARRY IN TO SUM OUT 


ijATA OUT IS LOW. DASHED LINES 
REPRESENT OUTPUT WHEN "DATA 
OUT' IS HIGH 


Fig. 17 — Input-leakage-current 
test circuit. 


Fig. 14(b) - CARRY IN-to-CARRY OUT and 
CARRY IN-to-SUM OUT. 


TYPICAL APPLICATION 
The CD4057A has been designed for use as a 
parallel processor in flexible, programmable, 
easily expandable, special or general purpose 
computers, where minimization of external 


connections and data busing are primary 
design goals. The block diagram of Fig. 18 
is an example of a computer that processes 
8 bits in parallel. 


(8) C0406IA 256X1 RAMs 


CLOCK ^ program 
\ COUNTER 


SERIAL 

CD4057A data C04057A 
LINES 


ROM FOR 
ADDRESS LINES 
CONTROL LINES 


Fig. 18 — Example of computer organization using CD40S7A. 
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CMOS Programmable 
Divide-by-"N” Counter 

Standard ''A''-Series Types (3-to-l 5-Volt Rating) 


RCA-CD4059 standard "A''-Series types are 
divide-by-N down-counters that can be pro- 
grammed to divide an input frequency by 
any number “N" from 3 to 15,999. The out- 
put signal is a pulse one clock-cycle wide 
occurring at a rate equal to the input fre- 
quency divided by N. This single output has 
TTL drive capability. The down-counter is 
preset by means of 16 jam inputs. 

The three Mode-Select Inputs Ka, Kb, and 
Kc determine the modulus {'"divide-by" 
number) of the first and last counting sec- 
tions in accordance with the truth table 
shown in Table I. Every time the first 
(fastest) counting section goes through one 
cycle. It reduces by 1 the number that has 
been preset (jammed) into the three decades 
of the intermediate counting section and into 
the last counting section, which consists of 
flip-flops that are not needed for operating 
the first counting section. For example. In 
the 2 mode, only one flip-flop is needed 
in the first counting section. Therefore 
the last counting section has three flip-flops 
that can be preset to a maximum count of 
seven with a place value of thousands. If 
■r 10 is desired for the first section, Ka is 
set to 1, Kb to 1, and Kc to 0. Jam inputs 
J1, J2, J3, and J4 are used to preset the 
first counting section and there is no last 
counting section. The intermediate counting 
section consists of three cascaded BCD de- 
cade (-r 10) counters presettable by means 
of Jam Inputs J5 through J16. 


Counter Range of Table 1. Control inputs 
Kb and Kc can be used to initiate and lock 
the counter in the “master preset" state. 
In this condition the flip-flops in the counter 
are preset in accordance with the jam In- 
puts and the counter remains in that state 
as long as Kb and Kc both remain low. The 
counter begins to count down from the 
preset state when a counting mode other 
than the master preset mode is selected. 

The counter should always be put in the 
master preset mode before the -^5 mode is 
selected. 

Whenever the master preset mode is used, 
control signals Kb=0 and Kc=0 must be 
applied for at least 3 full clock pulses. 

After the Master Preset Mode inputs have 
been changed to one of the modes, the 
next positive-going clock transition changes 
an internal flip-flop so that the countdown 
can begin at the second positive-going clock 
transition. Thus, after an MP (Master Preset) 
mode, there is always one extra count before 
the output goes high. Fig.1 illustrates a 
total count of 3 (-f 8 mode). If the Master 
Preset mode is started two clock cycles or 
less before an output pulse, the output pulse 
will appear at the time due. If the Master 
Preset Mode Is not used the counter jumps 
back to the “JAM" count when the output 
pulse appears. 


The Mode-Select Inputs permit frequency- 
synthesizer channel separations of 10, 12.5, 
20, 25, or 50 parts. These inputs set the 
maximum value of N at 9999 (when the 
first counting section divides by 5 or 10) or 
15,999 (when the first counting section 
divides by 8, 4, or 2). 

The three decades of the intermediate count- 
ing section can be preset to a binary 15 in- 
stead of a binary 9, while their place values 
are still 1, 10, and 100, multiplied by the 
number of the -r N mode. For example, in 
the -r 8 mode, the number from which count- 
ing-down begins can be preset to: 

3rd decade: 1500 

2nd decade: 150 

1st decade: 15 

Last counting section 1000 

The total of these numbers (2665) times 
8 equals 21,320. The first counting section 
can be preset to 7. Therefore, 21,327 is the 
maximum possible count in the 8 mode. 
The highest count of the various modes is 
shown in the column entitled Extended 


KcCKo' 
INTERNAL 
OF COUNTER 

OUTPUT 


juuinjmjTjumruLiirinnji. 

VITPIIT _J 


92CS-2489I 


Fig. 1 — Total count of 3. 

A "1" on the Latch Enable input will cause 
the counter output to remain high once an 
output pulse occurs, and to remain in the 
high state until the latch input returns to 
“0“. If the Latch Enable is “0", the output 
pulse will remain high for only 1 cycle of 
the clock-input signal. 

As illustrated in the sample applications, this 
device is particularly advantageous in com- 
munication digital frequency synthesis (VHF, 
UHF, FM, AM, etc.) where programmable 
divide-by-“N" counters are an integral part 
of the synthesizer phase-locked-loop sub- 
system. The CD4059A can also be used to 
perform the synthesizer “Fixed Divide-by-R" 
counting function. It is also useful in general- 
purpose counters for instrumentation func- 
tions such as totalizers, production counters, 
and "time out" timers. 



Operational and Performance Features: 

■ Synchronous Programmable ^ N Counter: 

N = 3to 9999 or 15,999 

■ Presettable down-counter 

■ Fully static operation 

■ Mode-select control of initial decade 

counting function (-^ 10,8,5,4,2) 

■ T^L drive capability 

■ Master preset initialization 

■ Latchable ^ N output 

■ Quiescent current specified to 15 volts 

■ Max. input leakage current of 1 juA at 15 

volts, full package-temperature range 

■ 1 volt noise margin, full package- 

temperature range 

■ 5-\/ and 10-V parametric ratings 

Applications 

B Communications digital frequency 

synthesizers: VHF, UHF, FM, AM,etc. 

■ Fixed or programmable frequency 

division 

■ “Time out" timer for consumer-appli- 

cation industrial controls 
B Companion Application Note,l CAN-6374, 
“Application of the CMOS CD4059A 
Programmable Divide-by-N Counter in 
FM and Citizens Band Transceiver 
Digital Tuners" 


The CD4059A series types are available in a 
24-lead ceramic dual-in-line package (D 
and F suffixes), 24-lead dual-in-line plastic 
package (E suffix), 24-lead ceramic flat 
package (K suffix), and in chip form (H 
suffix). 
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•MXIMUM f^^^^NOS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vpo) 

(Voltages referenced to Vss Terminal) -0.5 to +15 V 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to VpD +0-5 V 

POWER DISSIPATION PER PACKAGE (Pp): 

For T^ = -40 to +60® C (PACKAGE TYPE E) 500 mW 

For Tp^ = +60 to +85® C (PACKAGE TYPE E) Derate Linearly to 200 mW 

For T^ = -55 to +100®C (PACKAGE TYPES D. K, H) 500 mW 

For = +100 to +125®C (PACKAGE TYPES D. K. H) Derate Linearly to 100 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For T^ = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, K, H -55to+125®C 

PACKAGE TYPE E -40 to +85° C 

STORAGE TEMPERATURE RANGE (Tstg) -65to+150®C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265®C 


STATIC ELECTRICAL CHARACTERISTICS 



Conditions 

Limits 

Values at -55° C,+25°C,+ 125^0 Apply to D, K. H, Packages 
Values at —40°C,+25°C.-f-85°C Apply to B Packages 


Characteristic 

Vo 

V|N 

VdD 

Units 

(V) 

(V) 

(V) 

-550 

-40° 

+850 

+125° 

+25° 



Min. 

Typ. 

Max. 


Quiescent Device 



5 

10 

10 

700 

300 

_ 

0.02 

10 


Current, 



10 

20 

20 

200 

400 


0.02 

20 


II Max. 



15 

- 

- 

- 

- 

- 

- 

500 


Output Voltage: 
Low Level, 


0,5 

5 

0.05 


0 

0.05 


Voi Max. 


0,10 

10 

0.05 

- 

0 

0.05 


High Level, 


0,5 

5 

4.95 

4.95 

5 

- 


Vqh Min. 


0,10 

10 

9.95 

9.95 

10 

- 


Noise Immunity: 
Inputs Low, 



5 

1.5 

1.5 

2.25 



V|\jL Min. 



10 

3 

3 

4.5 

- 


Inputs High, 



5 

1.5 

1 

2.25 

- 


V|V)H Min. 



10 

3 

3 

4.5 

- 


Noise Margin: 
Inputs Low, 

4.5 


5 

1 


VnML Min. 

9 


10 

1 

V 

Inputs High, 

0.5 


5 

1 


VnmH Min. 

1 


10 

1 


Output prive 
Current: 

N-Channel 

(Sink) 

IqN Min. 

0.4 


5 

2.5 

2.3 

1.6 

1.4 

2 

4 



0.5 


10 

5 

4.7 

3.3 

2.8 

4 

9 

- 


P-Channel 

2.5 


5 

-2 

-1.8 

-1.3 

-1.15 

-1.6 

-3.2 

- 

mA 

(Source) 

4.6 


5 

-0.5 

-0.45 

-0.36 

-0.3 

-0.4 

-0.8 

- 


IqP Min. 

9.5 


10 

-1.1 

-1 

-0.75 

-0.65 

-0.9 

-1.8 

- 


Input Leakage 
Current:* 

I|L. I|H Max. 



15 

±1 

±10-5 

±1 

pfK 


* Any Input 


OPERATING CONDITIONS AT T^ = 250C 
(Unless otherwise specified) 


For maximum reliability, nominal operating condi- 
tions should be selected so that operation is always 
within the following ranges. 


Characteristic 

Vdd 

Min. 

Max. 

Units 

Supply Voltage 





Range 

- 

3 

12 

V 

(overfull temp. 





range) 





Clock Pulse 

5 

200 

_ 

ns 

Width 

10 

100 

- 


Clock Input 

5 

_ 

1.5 

MHz 

Frequency 

10 

- 

3 

Clock Input Rise 

5 

- 

15 

MS 

and Fall Time 

10 

- 

5 



9JC5-26939 


Fig.2 — Minimum output n-channel 
drain characteristics. 
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92CS-26940 

Fig.3 — Typical output n-channe! 
drain characteristics. 


DRAIN-TO-SOURCE VOLTAGE (V^gl-V 



Fig.4 — Minimum output p-channel 
drain characteristics. 




CD4059A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS AT Ta = 250C, Cl =* 50 pF, Inputt^tf = 20 ns, 
FlL = 200kfi 



PROGRAM JAM INPUTS (BCD) 


''ss ©— 
Vdd 


CLOCK 

INPUT 


MODE 

SELECT 

INPUTS 




ALL INPUTS (TERMS. 1-11. 13-22) PROTECTED 
BY CMOS PROTECTION NETWORK 


Fig.5 — Functional block diagram. 


92CM-222I3RI 


ORAIN-TO-SOURCE VOLTAGE (Vojj-V 



92CS.24S20RI 


Fig. 6 — Typical output p-channel 
drain characteristics. 



10 20 30 40 50 60 70 80 90 100 


LOAD CAPACITANCE (Cl)-pF 

92CS- 26941 

Fig.7 — Typical low-to-high propagation delay 
time vs. load capacitance. 



10 20 30 40 50 60 70 80 90 100 


LOAD CAPACITANCE {Cl)-pF 

92CS-2694Z 

Fig.8 — Typical high-to-low propagation delay 
time vs. load capacitance. 



LOAD CAPACITANCE (Ci_)—pF 

92CS-24J22RI 

Fig.9 — Typical low-to-high transition time 
vs. load capacitance. 
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POWER DISSIPATION (Pd)-Vw I |_ POWER_ DISSIPATION ( Pp) "mW I I MAXIMUM CLOCK FREQUENCY (fcL)-MH71 pH^-TO-LOW TRANSITION TIME (t thl»- 


CD4059A Types 


AMBIENT TEMPERATURE (Ta ) = 25°C i 


■ • ■ * f 1 ; f 


4 


4 







U - Hi. 


iliilSl 


10 20 30 40 50 60 70 80 90 100 

LOAD CAPACITANCE (Cu)-pF 


^ig. 10 - Typical high-to-low transition time 
vs. load capacitance. 

AMBIENT TEMPERATURE (Ta )» 25*0 ^+1 4 j | 4 | I [ IT 

1111^111111^^^^^ ^ ~ ~ ' 




5 10 15 20 

SUPPLY VOLTAGE (VqoI-V 


Fig. 11 — Typical max. clock frequency 
vs. supply voltage. 


I AMBI ENT TEMPERATURE (Ta )«25*C t 


MODE 

SELECT 

INPUT 

FIRST COUNTING 
SECTION 

LAST COUNTING 
SECTION 




MODE 

Can be 
preset 


MODE 

Can be 
preset 


Ka 

Kb 

Kc 

Di- 

vides 

by: 

to a 

max 

of: 

Jam^ 

inputs 

used: 

Di- 

vides 

by: 

to a 

max 

of: 

Jam^ 

inputs 

used: 

1 

1 

1 

2 

1 

J1 

8 

7 

J2,J3,J4 

0 

1 

1 

4 

3 

J1,J2 

4 

3 

J3,J4 

1 

0 

1 

5# 

4 

J1,J2,J3 

2 

1 

J4 

0 

0 

1 

8 

7 

J1,J2,J3 

2 

1 

J4 

1 

1 

0 

10 

9 

J1,J2,J3,J4 

1 

0 

- 

X 

0 

0 

MASTER PRESET 

MASTER PRESET 


COUNTER 

RANGE 

DESIGN I EXTENDED 


X = Don't Care 
^ J1 = Least significant bit. 
J4 = Most significant bit. 


^Operation in the -^5 mode (l^t counting section) requires 
going through the Master Preset mode prior to going into 
the ^5 mode. At power turn-on, kc must be a logic "O" 
for a period of 3 input clock pulses after Vpp reaches 
a minimum of 3 volts. See Fig. 21 for a suggested external 
preset circuit. 


HOW TO PRESET THE CD4059A TO DESIRED N 

The value N Is determined as follows: 

N = [MODE*] [1000 X Decade 5 Preset + lOOX Decade 4 
Preset -t 10X Decade 3 Preset 1 X Decade 2 Preset ] + Decade 1 Preset 
* MODE= First counting section divider (10, 8, 5, 4 or 2) 

To calculate preset values for any N count, divide the N count by the Mode. 

The resultant is the corresponding preset values of the 5th through 2nd 
decade with the remainder being equal to the 1st decade value. 




. : Cl- 50 pF_ 

; Cl-I5pFZ 

N-3 - 


I 2 4 68* 2 4 66l 2 4 6 8' 2 4 68| 2 4 6 8' 

I lb 10^ 10^ 10^ 1C? 

INPUT FREQUENCY (f) — kHz 

9ZCS- 26994 

Fig. 12 — Typical power dissipation vs. 
input frequency. 


I AMBIENT TEMPERATURE (Ta)*25*C 
4 LOAD CAPACITANCE (Cl)*50pF 

al I ni l I l l- l4 -t-^W-4 s 



- N-5 J 

- N-I0000 4 


2 4 6 s' 2 468 , 2 4 6 8,2 4 68',, 2 4 68'. 

10 icr 10 ^ 10 ^ 

CLOCK INPUT FREQUENCy(tcL)— KHz 


Examples: 

A) N = 8479. Mode = 5 


^5 1 8479 
Mode N 


Preset Value = -j 


• Preset Values 


MODE SELECT = 


Ka Kb Kc 


PROGRAM JAM INPUTS (BCD) 

4 1 5 9 

J1 J2 J3 J4 J5 J6 J7 J8 J9 J10 J11 J12 
0011 1010 1001 

To verify the results use equation 1 ; 

N = 5 (1000X 1 + 100 X 6 + 10 X 9 + 1 X 5) + 4 
N = 8479 

B) N = 12382, Mode = 8 
1547 + 6 
8 ri2382 


J13 J14 J15 J16 
0 110 


MODE SELECT = 8 


Ka Kb Kc 
0 0 1 


Fig. 13 — Typical power dissipation 
vs. dock input frequency. 
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CD4059A Types 


PROGRAM JAM INPUTS 


4 


J1 J2 J3 J4 
0 111 


J5 J6 J7 J8 
1110 


J9 JIO J11 
0 0 1 


J12 

0 


J13 J14 J15 J16 
10 10 


To verify: 

N = 8 (1000 X 1 + 100 X 5 + 10 X 4 + 1 X 7) + 6 
N = 12382 


C) N = 8479, Mode = 10 
0847 + 9 
10 I 8479 


MODE SELECT = 10 


Ka Kb Kc 
1 1 0 


PROGRAM JAM INPUTS 

9 7 4 8 

J1 J2 J3 J4 J5 J6 J7 J8 J9 JIO J11 J12 J13 J14 J15 J16 

1001 1110 0010 0001 

To Verify: 

N = 10 (1000 X0+100X8 + 10X4+1X 7) + 9 
N = 8479 


DIGITAL PHASE-LOCKED LOOP (PLL) FOR FM BAND SYNTHESIZER 



1) Calculating Min & Max "N" Values : 

Output Freq. Range itq) = 98.8 to 1 18.6 MHz 

Channel Spacing Freq. (fc) = 200 kHz ^ 

Division Factor (k) = 40 Reference Freq. (fr) = — = kHz = 5 kHz 

k 40 



f|<Max. 


118.6 MHz 
40 


N 


Lo 

^c 


98.8 MHz 

2.965 MHz; f^Min = — — = 2.47 MHz 


NMax = 


118.6 MHz 
200 kHz 


= 593 


NMin = 


98.8 MHz 
200 kHz 


494 


2.56 MHz 
5 kHz 


512 


"CASCADING" VI A OTHER COUNTERS 

Fig. 14 shows a BCD-switch compatible ar- 
rangement-suitable for 8 and 5 modes, 
which can be adapted, with slight changes, 
to the other divide-by-modes. In order to be 
able to preset to any number from three to 
about 256,000, while preserving the BCD- 
switch compatible character of the jam in- 
puts, a rather complex cascading scheme is 
required. Such a cascading scheme is neces- 
sary because the CD4059A can never be pre- 
set to a count less than 3 and logic is needed 
to detect the condition that one of the num- 
bers to be preset in the CD4059A is rather 
small. In order to simplify the detection 
logic, only that condition is detected where 
the jam inputs to terminals 6, 7, and 9 would 
be low during one count. If such a condition 
is detected, and if at least 1 is expected to be 
jammed into the MSB counter, the detection 
logic removes one from the number to be 
jammed into the MSB counter (with a place 
value of 2000 times the divide-by-mode) and 
jams the same 2000 into the CD4059A by 
forcing terminals 6, 7, and 9 high. 

The clock of the CD4013A may be driven 
directly from the output of the CD4059A, 
as shown by dashed option (1), or by the 
inverted output of the CD4059A, option (2). 
If option (2) is used the CD4029A cannot 
count cycles shorter than 3. If option (1) is 
used propagation delay problems may occur 
at high counting speeds. 

The general circuit in Fig. 14 can be simpli- 
fied considerably if the range of the cas- 
caded counters does not have to start at a 
very low value. Fig. 15 shows an arrange- 
ment in the -f- 4 mode, where the counting 
range extends in a BCD-switch compatible 
manner from 88,003 to 103,999. The ar- 
rangement shown in Fig. 15 is easy to follow; 
once during each cycle, the less significant 
digits are jammed in (14,712 in this case) 
and then 11,000 (4 x 2750) is jammed in 
eight times in succession, by forcing jam in- 
puts high or low, as required. 

Numbers larger than the extended counter 
range can also be produced by cascading 
the CD4059A with some other counting 
device. Fig. 16 shows such an arrangement 
where only one fixed divide-by number is 
desired which is close to three times the ex- 
tended counter range as shown in the last 
column of Table I. , The dual flip-flop wired 
to produce a 3 count, can be replaced by 
other counters such as the CD4029, CD451 0, 
CD4516,CD4017,orthe CD4022. In Fig.l6 
the N subsystem is preset once to a number 
smaller than the desired divide-by number. 
This smaller number represents the less sig- 
nificant digits of the divide-by number. The 
subsystem is then preset one or more times 
to a round number (e.g. 1000, 2000) and 
multiplied by the number of the divide-by 
mode {-r 2 in the example of Fig. 16). It is 
important that the second counting device 
has an output that is high or low, as the 
case may be, during only one of its counting 
states. 
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EACH NOR GATE IS 1/2 C04002A 
EACH INVERTER IS I/S CD4069B 


Fig. 14 — BCD switch-compatible -H\i system of the most general kind. 
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CD4059A Types 



Fig. 15 — Dividing by any number from 88,003 to 103,999. 



Fig. 16 — Division by 47,690 in -^2 mode. 



Fig. 17 — Quiescent device 
current test circuit. 



Fig. 19 — Power dissipation 

Fig. 18 - Noise immunity test circuit 

test circuit. (all modes). Fig.20 — Input leakage current test circuit. 
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CD4059A Types 



For changing from any mode other than mode 5 
(with power on), apply positive pulse to Cin. This 
circuit automatically selects master preset mode 
(Kb = 0, Kc = 0) before going Into the select con- 
ditions for mode 5 (Ka = 1, Kb = 0, K = 1). The 
selection of Ci and Cz Is critical. Ci Is determined 
by the VDD voltage— the lower VDD’s need larger 
Cl’s. C 2 must be 0.1 fjf or larger. 


Fig. 21 - CD4059A mode 5 power on master preset circuit 



The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10'^ inch). 


Dimensions and pad layout for CD4059AH. 
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CD4060A Types 


CMOS 14-Stage Ripple-Carry 

Binary Counter/Divider and Oscillator 


The RCA-CD4060A consists of an oscillator 
section and 14 ripple-carry binary counter 
stages. The oscillator configuration allows 
design of either RC or crystal oscillator 
circuits. A RESET input is provided which 
resets the counter to the all-O's state and 
disables the oscillator. A high level on the 
RESET line accomplishes the reset function. 
All counter stages are master-slave flip-flops. 
The state of the counter is advanced one 
step in binary order on the negative transi- 
tion of 0|(0q).AII inputs and outputs are 
fully buffered. 

These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 1 6-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


Features: 

■ 4-MHz operating frequency (typ.) at Vqq “V 35 = 10 V 

■ Common reset 

■ Fully static operation 

■ 10 buffered outputs available 

■ Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 juA 
at 15 V (full package-temperature range) 

■ 1-V noise margin (full package-temper- 
ature range) 

Oscillator Features: 

■ All active components on chip 

■ RC or crystal oscillator configuration 

Applications: 

■ Timers 

■ Frequency dividers 



MAXIMUM RATINGS, Absolute-Maximum Values: 


STORAGE TEMPERATURE RANGE (Tstg) -65to+150‘’C 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D. F, K. H -55 to +125° C 

PACKAGE TYPE E -40 to +85° C 

DC SUPPLY-VOLTAGE RANGE, (Vdd) 

(Voltages referenced to Vss Terminal) -0.5 to +15 V 


POWER DISSIPATION PER PACKAGE (Pq): 

For Ta = -40 to +60° C (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85° C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For Ta = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

For Ta = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0-5 V 

LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max. 


+265° C 


Fig. 1 — Typical n-channe! drain characteristics. 


RECOMMENDED OPERATING CONDITIONS at T^ = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected $0 that 
operation is always within the following ranges: 







LIMITS 


CHARACTERISTIC 

Vdd 

D, F, K, H 

E 


UNITS 

(V) 

Packages 

Package 



Min. 

Max. 

Min. 

Max. 


Supply-Voltage Range (For T^ = Full 


3 

12 

3 

12 

V 

Package-Temperature Range) 





Input-Pulse Width, tw 

5 

400 

_ 

500 

_ 


f = 100 kHz 

10 

110 

- 

125 

- 


Input-Pulse Rise & Fall 

5 

_ 

15 

_ 

15 

MS 

Time, tr0 , 

10 

- 

7.5 

- 

7.5 

Input-Pulse Frequency, f^ 

5 

_ 

1 j 


0.9 

MHz 

10 

— 

3 

— 

2.75 


Reset Pulse Width, t\/y 

5 

1000 ! 


1250 

- 

ns 

10 

500 

— 

600 

— 



Fig. 2 - Minimum n-channe! drain characteristics. 


DRAIN -TO -SOURCE VOLTAGE IVos) — V 



Fig. 3 — Typical p-channe! drain characteristics. 
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CD4060A Types 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 

■piipiH 

Limits at Indicated Temperatures (^C) | 

Units 


D, F, K, H Packages 

E Package 

Vo 

(V) 


Vdd 

(V) 


+25 

+125 

-40 

+25 


—55 

Typ. 

Limit 

PH 

nUnffi 

+85 

Quiescent Device 
Current ![_ Max. 

- 

- 

5 

O 


mm 



1 

50 

700 

juA 

- 

- 

Cl 

m 

1 



BBftl 

2 

HQ3I 


- 

- 

15 

50 

2.5 

50 

2000 

500 

B 



Output Voltage: 
Low Level, 

VOL 

- 

m 

Qj 

0 Typ.; 0.05 Max. 

V 

- 

Bl 

n 

0 Typ.; 0.05 Max. 


- 

0 

5 

4.95 Min.; 5 Typ. 

- 

o 

■El 

9.95 Min.; 10 Typ. 

Noise Immunity: 
inputs Low, 

Vnl 

4.2 

- 

5 

1.5 Min.; 2.25 Typ. 

V 

9 

- 

la 

3 Min.; 4.5 Typ. 

Inputs High 

vnh 

0.8 

- 


1.5 Min.; 2.25 Typ. 

ma 

- 


3 Min.; 4.5 Typ. 

Noise Margin: 
Inputs Low, 

vnml 

Q 

- 

5 

1 Min. 

V 

9 

- 

Q 

1 Min. 

Inputs High, 

vnmh 

IBS 

_ 

Bl 

1 Min. 


— 

MEM 

1 h 

lin. 

Output Drive 
Current:* 
n*Channel 
(Sink), 

IqN Min. 


1 

5 

0.22 

0.36 

0.18 

0.125 

0.21 

0.36 

0.18 

0.15 

mA 

IBS 

B 

m 

Sii 

HBBi 

0.36 

0.25 

0.42 

BBS 

0.36 

HS 

p-Channel 

(Source), 

IpP Min. 

m 

B 

B 

QQ 

IQI 




HU 

-0.125 

in 

l^^ll 

- 

11 

IQ 

ms 





-0.25 

m 

Input Leakage 
Current, 

«lb l|H 

■ 

1 

DUt 

15 

±10 ® Typ., ±1 Max. 

pfK 


* Data not applicable to Terminal 9 or 10 


DRAIN -TO -SOURCE VOLTAGE (Vqs) — V 



Fig. 4 — Minimum p-channel drain characteristics. 
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BilHHi 

ill 

iH 

H 

H 

M 

M 

Hi 

Hi 
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IH 

sm. 
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ii 

:::::::::: 

tt 

Hi 

11 

s 

ilj 

H 

H 

H 

H 

H 

liOl 

:::::: 

:::::: 

:::::::::::::::::: 

::: u:: 

t t 

nuj:::: 

::::::::: 

Hi 

I 

a 

■ 

jilji 


:::::::::: 

X 

:::::::::: 

1 


!:l!!!l! 

Ilililil 

Hi 

H 

1 


0 20 40 60 80 100 


LOAD CAPACITANCE (Cl) — pP 

•ZCS-24e9S 

Fig. 5 - Typical propagation delay time vs. load 
capacitance «j>f to Q4 output). 



Fig. 6 Typical propagation delay time vs. load 
capacitance (Q^ to 



Fig. 7 — Logic diagram of CD4060A oscillator, pulse shaper, and 1 of 14 counter stages. 



Fig. 8 - Typical output transition time vs. load 


capacitance. 


610 



















































CD4060A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T^ = 25°C, Input ^ t| = 20 ns, 

Cl = 15pF, Rl = 200 k^2 





LIMITS 


CHARACTERISTIC 

TEST 

CONDITIONS 

D, F, K, H 
Packages 

E 

Package 

UNITS 



Q.-. 

Q> 

> 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 


Input-Pulse Operation 

Propagation Delay 

Time, 0| to Q4 Out; 
^PHL'tPLH 


5 

- 

900 

1800 

— 

900 

1900 




- 



- 


950 

Propagation Delay 

Time, QntoQn+i; 
tPHL - tPLH 



- 

ISI 

1^1 

- 


950 




- 

on 

^1 

- 




Transition Time, 


5 

— 


iBSi 

— 

HMI 

ESI 

ns 

tTHL> tTLH 


10 


m 

QQI 

- 

o 

IQI 



5 

- 

200 


- 

^^1 

500 




- 

o 

IQ 

- 

m 

IBM 

Input-Pulse Rise & Fall 
Time, tr 0 , tf 0 


5 

- 

- 

la 

- 

- 

o 

MS 



- 

- 

m 

- 

- 

m 

Max. Input-Pulse 


5 

1 

1.75 

- 

0.9 

1.75 

— 

MHz 

Frequency, 


10 

3 

4 

- 

2.75 

4 

- 

Input Capacitance, C| 

Any Input 

- 

5 

- 

- 

5 

- 

pF 

Reset Operation 

Propagation Delay 


5 

- 

500 

1000 

- 

500 

1250 

ns 

Time, tp^L 


10 

- 

250 

500 

- 

250 

600 

Minimum Reset 


5 

- 

500 

1000 

- 

500 

1250 

ns 

Pulse Width, tyy 


10 

- 

250 

500 

- 

250 

600 




Fig. 13— Input-leakage-current test circuit. 



MCS-24SM 

Fig. 9- Typical maximum-input-pulse frequency 
I's. supply voltage. 



Fig. 10 - Typical dynamic power dissipation 
characteristics. 



TEST PERFORMED 
WITH UNIT IN ALL 
"O's” STATE AND 
ALL 'Ts" STATE 
AND INPUTS AT 10 V 
AND GROUND 



Fig. 11— Quiescent-device current test circuit. 
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CD4062A Types 

CMOS 200-Stage Dynamic Shift Register 


MAXiMUM RATINGS, Absolute-Maximum Values: 

STORAGE TEMPERATURE RANGE (Tstg) -65to+150°C 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES K, T, H -55to+125°C 

DC SUPPLY-VOLTAGE RANGE, (Vdq) 

(Voltages referenced to Vss Terminal) -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (Pd): 

For Ta = -55 to +100°C (PACKAGE TYPES K, T) 500 mW 

For Ta = +100 to +125°C (PACKAGE TYPES K, T) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to VpD +0-5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 



'all inputs are protected 

BY COS/MOS 
PROTECTION NETWORK 


^TERMINAL NUMBERS IN 
PARENTHESES REFER TO 
12-LEAD TO-5 STYLE 
PACKAGE 


TRANSMISSION GATE 
INPUT TO OUTPUT IS: 

(a) A BIDIRECTIONAL LOW IMPEDANCE WHEN CONTI 
IS "LOW" AND CONTROL INPUT 2 IS “HIGH" 


CL (o) = INTERNAL CLOCK IN PHASE WITH CL | 
CL (b) = INTERNAL CLOCK IN PHASE WITH CLg 


Fig. 1 - CD4062A logic block diagram. 



*ALL INPUTS ARE PROTECTED 
BY COS/MOS 
PROTECTION NETWORK 


CL (a) • INTERNAL CLOCK IN PHASE WITH CL, 
CL (b) = INTERNAL CLOCK IN PHASE WITH CLg 

^TERMINAL NUMBERS IN 
PARENTHESES REFER TO 
12-LEAD TO-5 STYLE 
PACKAGE 




RC — 

REC — 

200 DYNAMIC 
STAGES 


Trrr, 

iiu 

CLOCK 

GENERATOR 



CD4062A 

FUNCTIONAL DIAGRAM 


The RCA-CD4062A is a 200-stage dynamic 
shift register with provision for either single- 
or two-phase clock input signals. Single- 
phase-clocked operation is intended for low- 
power, low clock-line capacitance require- 
ments. Single-phase clocking is specified for 
medium-speed operation {<1 MHz) at sup- 
ply voltages up to 10 volts. Clock input ca- 
pacitance is extremely low (<5pF), and 
clock rise and fall times are non-critical. The 
clock-mode signal (CM) must be low for 
single-phase operation. 

Two-phase clock-input signals may be used 
for high-speed operation (up to 5 MHz) or to 
further reduce clock rise and fall time re- 
quirements at low speeds. Two-phase opera- 
tion is specified for supply voltages up to 15 
volts. Clock input capacitance is only 50 pF/ 
phase. The clock-mode signal (CM) must be 
high for two-phase operation. The single- 
phase-clock Input has an internal pull-down 
device which is activated when CM is high 
and may be left unconnected In two-phase 
operation. 

The logic level present at the data input is 
transferred into the first stage and shifted 
one stage at each positive-going clock transi- 
tion for single-phase operation, and at the 
positive-going transition of CL-j for two-phase 
operation. 

The CD4062A-Serles types are supplied in 
12-lead hermetic TO-5 packages (T suffix), 
16-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 

Features: 

■ Minimum shift rates over full tempera- 
ture range- 

Single-phase clock: 3 V < Vpp < 10 V; 
fmin = 10 kHz; -55° C < Ta < +125° C 
<^min = 1 “P 1® 1^A ^ 75° C) 
Two-phase clock: 3 V < Vdq < 15 V; 
fmin = 10 kHz; -55° C < Ta < +125° C 


Fig. 2 — Clock circuit logic diagram. 


■■ 1 kHz up to Ta < 75 C) 
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CD4062A Types 


RECOMMENDED OPERATING CONDITIONS at T^ = 25* C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

CHARACTERISTIC I LIMITS T 


Supply-Voltage Range (For = Full 
Package-Temperature Range): 

Single-Phase Clock 3 IQ 

Two-Phase Clock 3 12 ^ 

Clock Input Frequency, 5 0.15 500 

fCL* 12 0.15 1000 

Clock Pulse Width, 5 250 66.7 X 10* 

10 500 66.7 X 10* 

Clock Rise or Fall Times, 5 — 10 

trCLortfCL* 10 - 1 

Data Hold Time, tH* ~ ns 

* For single-phase clock, 50% duty cycle 

Two-Phase Clock Operation (CLi, CL2); Clock Mode (CM) = High; 3 V < Vpp < 15 V. See Figure 4. 


CHARACTERISTIC 

Maximum Clock Input Frequency, fcL 
Minimum Clock Input Frequency, fcL 


Clock Overlap Time 
90%/^ 


10% 1/ 10% 


TEST CONDITIONS 




Average Input Capacitance, C| 

CLi, CL2 

Propagation Delays; tp^|_, tp^n 
CLi to Q 

CL 1 to CL 1 Q 


Minimum Data Setup Time” 

^ScL2 / 


Minimum Data Hold Time- 


Q 

Q > 

> 

MIN. 

TYP. 

MAX. 

5 

1.25 

2.5 

_ 

10 

2.5 

5 

- 

5 

150 

10 

- 

10 

150 

10 

- 


40 


- 


- 

50 

- 

5 

- 

250 

500 

10 

- 

100 

200 

5 

- 

250 

500 

10 

- 

100 

200 

5 

_ 

150 

300 

10 

~ 

50 

100 

5 



0 

10 

- 

- 

0 


Features (Cont'd): 


■ Low power dissipation 

0.3 mW/bit at 1 MHz and 10 V 
0.04 mW/bit at 0.5 MHz and 5V 
(alternating 1-0 data pattern) 

■ Data output TTL-DTL compatible 

■ Recirculating capability 

■ Delayed two-phase clock outputs availa- 
ble for cascading registers 

■ Asynchronous ripple-type presettable to 
all 1's or O's 

■ Ultra-low-power-dissipation standby oper- 
ation 

B Quiescent current specified to 15 V 

■ Maximum input leakage current of 1 juA 
at 15 V (full package-temperature range) 

■ 1-V noise margin (full package-tempera- 
ture range) 


Applications: 

■ Serial shift registers 

■ Time-delay circuits 

■ CRT refresh memory 

■ Long serial memory 


Vdo 

CLOCK 4 

VddJ I 

DATA / 


tf-| [• trH |- 
\90% * 


° L J 

Uz-J-Y-I- X 

° DELAYED 200 CLOCK PULSES 


X=DATA SET-UP TIME 
.^HIGH TO LOW 
Y=0ATA HOLD TIME 
Z=DATA SET-UP TIME 
LOW TO HIGH 


Fig. 3 — Timing diagram— single-phase dock. 


'ir ir‘' 


l/n\L .. 50 , 


Clock Rise and Fall Times trCLi,CL2 

tfCLi,CL2 


No Restrictions If 
Clock Overlap Require- 
ment Is Met 


q DELAYED 200 CLOCK PULSES . 
MIN lw(CL|).tw(CL2) = 20n» 


Fig. 4 — Timing diagram— two-phase dock. 





CD4062A Types 


STATIC ELECTRICAL CHARACTERISTICS 




CONDITIONS 

LIMITS AT INDICATED 

TEMPERATURES (°C) 

UNITS 

CHARACTtHI^ICS 

Vo 

V|N 

Vdd 

-55 

+25 

+125 



(V) 

(V) 

(V) 

TYP. 

LIMIT 


Quiescent Device 
Current, l|_ Max. 

r^MsiMinh PI 4=l-linh 

- 

B 

5 

12 

0.5 

IB 

720 


- 

- 

la 

25 

B 

25 

1500 


CL2=Low 


- 

- 

la 

50 

1 

50 

2000 


Output Voltage: 

- 

B 

H 

0 Typ.; 0.05 Max 


VoL 


- 

IS 

m 

OTyp.; 0.05 Max 

V 

High Level 

- 

D 

B 

4.95 Min.; 5 Typ. 


^OH 


- 

0 

B 

9.95 Min.; 10 Typ. 


Noise Immunity: 
Inniits Low 

EB 

B 

B 

1.5 Min.; 

2.25 Typ. 

■ 

Vnl 


9 

B 

B 

3 Min.; 4.5 Typ. 

111 

Inputs High 

HQ 

B 

5 

1.5 Mih.; 2.25 Typ. 

M 

X 

z 

> 


1 

- 

B 

3 Min.; 4.5 Typ. 

■ 

Noise Margin: 

HHIII 

- 

5 

1 Min. 


''nml 


9 

- 

B 

1 Min. 


Inputs High, 

HQ 

B 

B 

1 Min. 


^NMH 


1 

- 

B 

1 Min. 


Output Drive 

Current: 

N-Channel 

(Sink), 

1 

1 

1 

1 

1 

1 

1 


IpN Min. 

Q 

Q| 

B 





0.91 

mA 


Output 

E9 


B 

5 

8* 

4 

3.2 



CLiD' 


- 

5 

0.87 

B 





CL2D 

QHI 

- 

B 

2.2 

QQ 

1.8 

1.26 


P-Channel 
(Source) : 


■ 

5 

-0.31 

-0.5 

-0.25 

-0.17 


\^P Min. 

Q 

1^9 

- 

5 

-0.93 

-1.5 

-0.75 

-0.52 

mA 


Output 


- 

B 

-0.87 

-1.4 

-0.7 

-0.49 


CLid, 

1091 

- 

5 

-0.43 

1 -0.7 

-0.35 

-0.24 



CL2D 

^Q 

- 

B 

!-1.1 

-1.8 

-0.9 

-0.63 


Input Leakage 
Current, 

1 

I 

■ 






'iL' 'iH 


■ 

■ 

m 

±10"® Typ., ±1 Max. 

pA 


* Maximum power dissipation rating < 200 mW. 



92CS-25854RI 

Fig. 5— Typical n-channel drain characterstics for 
Q output. 


ORAIN-TO-SOURCE VOLTS (VdsI 



Fig. 6— Typical p-channel drain characteristics for 
Q output. 



Fig. 7— Typical transition time vs. 
Ci_ for data outputs. 



Fig. S— Typical transition time vs. for 
delayed dock output. 
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CD4062A Types 


DYNAMIC CHARACTERISTICS AT T/v = 25‘ C, Vjs = 0 V, Cl = 50 pF, Input t,, tf = 20 ns, 
except tfCL and tfCL 



** If more than one unit is cascaded in single-phase parallel clocked application, tfCL should be made less than 
or equal to the sum of the propagation delay at t5 pF, and the transition time of the output driving stagef 
(See Figs. 5 and 7 for cascading options.) 

A Use of delayed clock permits high-speed logic to precede CD4062A register (see cascade register operation). 

VpD 



TERMINAL DIAGRAM 



92CS- 24666 


Fig. 9— Typical power dissipation vs. frequency. 



Fig. 10— ' Minimum shift frequency vs. ambient 
temperature. 


Voo 



Fig. 11— Quiescent-device-current 
fesf circuit. 


VdD 



Fig. 12 — Noise-immunity test 
circuit. 


NOTE 

MEASURE INPUTS 
SEOUENTIALUY. 

TO BOTH Voo ANOVss 
CONNECT ALL UNUSED 

INPUTS TO EITHER 

I Vdo or Vjs 

VSS 


MD 1 

Vss 


Fig. 13 — Input-leakage-current 
test circuit. 
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CD4066A Types 

CMOS Quad Bilateral Switch 

For Transmission or Multiplexing of Analog or Digital Signals 


RCA CD4066A is a quad bilateral switch 
intended for the transmission or multiplex- 
ing of analog or digital signals. It Is pin-for- 
pin compatible with RCA-CD4016, but ex- 
hibits a much lower ON resistance. In addi- 
tion, the ON resistance is relatively constant 
over the full input-signal range. 

The CD4066A consists of four independent 
bilateral switches. A single control signal is 
required per switch. Both the p and the n 
device In a given switch are biased ON or 
OFF simultaneously by the control signal. As 
shown in Fig. 1, the well of the n-channel 
device on each switch is either tied to the 
input when the switch is ON or to V 5 g when 
the switch is OFF. This configuration elimi- 
nates the variation of the switch-transistor 
threshold voltage with input signal, and thus 
keeps the ON resistance low over the full 
operating-signal range. 

The advantages over single-channel switches 
Include peak input-signal voltage swings 
equal to the full supply voltage, and more 
constant ON impedance over the input- 
signal range. For sample-and-hold applica- 
tions, however, the CD4016 Is recommended. 

These types are supplied in 14-lead hermetic 
dual-in-line ceramic packages (D and ’F" 
suffixes), 14-lead dual-in-line plastic pack- 
age (E suffix), 14-lead ceramic flat package 
(K suffix), and in chip form (H suffix). 


SPECIAL CONSIDERATIONS - CD4066A 

1. In applications where separate power 
sources are used to drive Vqq and the 
signal inputs, the V^q current capability 
should exceed Vqq/Rl (Rl = effective 
external load of the 4 CD4066A bilateral 
switches). This provision avoids any 
permanent current flow or clamp action 
on the Vqq supply when power is applied 
or removed from CD4066A. 

2. In certain applications, the external load- 
resistor current may include both Vqq 
and signal-line components. To avoid 
drawing Vqq current when switch cur- 
rent flows into terminals 1, 4, 8, or 11, 
the voltage drop across the bidirectional 
switch must not exceed 0.8 volt (calcu- 
tated from Rq(\| values shown). 

No Vqq current will flow through Rl 
if the switch current flows into terminals 
2, 3, 9, or 10. 

3. Minimum bilateral switch output load 
resistance is 100 Q,. 


Features: 

■ 15-V digital or ± 7.5-V peak-to-peak switching 

■ 8012 typical ON resistance for 15-V operation 

■ Switch ON resistance matched to within 5 12 over 15-V 

signal-input range 

■ ON resistance flat over full peak-to-peak 

signal range 

■ High ON/OFF output-voltage ratio: 65 dB 

typ.@fjs=10kHz, RL = 10kl2 

■ High degree of linearity: < 0.5% distor- 

tion typ. @ fjs = 1 kHz, Vjj *= 5 Vp.p, 

Vqd-Vs^ 10 V, Rl = 10 kl2 

■ Extremely low OFF switch leakage result- 

ing in very low offset current and high ^ 

effective OFF resistance: 10 pA typ. @ 

VdD-VsS=‘'0V, Ta = 25"C 

■ Extremely high control input impedance 

(control circuit isolated from signal 
circuit) : 1 0 * ^ 12 typ. vcV 

■ Low crosstalk between switches: -50 dB 

typ. @ f;* = 0.9 MHz, Rl = 1 kl2 

^ . , NORMAL OPERATION 

■ Matched control-input to signal-output control-line biasing; 

. SWITCH ON.VcT-Vdo 

capacitance: Reduces output signal switch off. vc V-vss 

transients 

■ Frequency response, switch ON = 40 MHz P " 

(typ.) 

■ Quiescent current specified to 15-V O— ^ 

■ Maximum control input leakage current 

of 1-/iA at 15-V (Full package- 

temperature range) Fig. 1 -Sc 



SIGNAL-LEVEL RANGE: 
VSS £ Vi, < VoD 


^ ALL CONTROL INPUTS 
ARE PROTECTED BY 
CMOS PROTECTION 
NETWORK 

92CS-21628R2 


Fig. 1 — Scnematic diagram of 1 of 4 identical 
switches and its associated control circuitry. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


OPERATING TEMPERATURE RANGE (T;^): 

PACKAGE TYPES D, F, K, H -55 to +125°C 

PACKAGE TYPE E -40to+85°C 

DC SUPPLY VOLTAGE RANGE. Vq^ 

(Voltages referenced to V55) _0.5 to +15 V 

INPUT CURRENT (TRANSMISSION GATE INCL.) ±10 mA 

POWER DISSIPATION PER PACKAGE: 

FOR T;^ = -40to+60°C(PACKAGETYPE E) 500 mW 

FOR T^ = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C 200 mW 

FOR T^ = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

FOR Ta = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 1 2 mW/°C . . . 200 mW 

DEVICE DISSIPATION PER SECTION: 

FOR T;^ =FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

ALL SIGNAL AND DIGITAL CONTROL INPUTS Vgg < V, < Vqq 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10s max . +265°C 

OPERATING CONDITIONS AT = 25°C 

For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following ranges. 


CHARACTERISTIC 

Vdd 

MIN. 

MAX. 

UNITS 

Supply Voltage Range 

(T/^= Full Package Tempera- 
ture Range) 

- 

3 

12 

V 
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CD4066A Types 


Applications: 

■ Analog signal switching/multiplexing ■ 

Signal gating Modulator ■ 

Squelch control Demodulator 

Chopper Commutating switch ■ 

■ Digital signal switching/Multiplexing 


Transmission-gate logic implementation 
Analog-to-digital & digital-to-analog con- 
version 

Digital control of frequency, impedance, 
phase, and analog-signal gain 



Fig. 2 (a) — Typical channel ON resistance vs. signal 
voltage for three values of supply volt- 
age (^DD~^Ssi‘ 



92CS-239I4 


Fig. 2 (b) - Typical channel ON resistance vs. signal 
voltage with supply voltage (^qq— 
Vss)=5V. 


— OHMS 

8 8 



SUPPLY VOLTAGE <Vt)o-Vss>* 










O250 
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Al 

i 

ilSIE 

F. 

EMPERA 

1 
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1 

E 

§ 

,(Ta 


i '50 

z 


1 

1 


i 

1 

I 


® 100 

::: 




-T 

± 


= = ■ - 'litp 

i" 



1 

m 

1 

1 

1 


0 



s 

St- 


1 

g 



-8 -6 -<» -2 0 2 4 6 e 

SIGNAL VOLTAGE (V^,) — VOLTS 

92CS-239I5 


Fig. 2 fc) - Typical channel ON resistance vs. signal 
voltage with supply voltage (^qq- 

Vssl = 10 V. 



92CS-239I6 

Fig. 2 (d) — Typical channel ON resistance i/s. signal 
voltage with supply voltage (^qq— 
Vss) = 15 V. 


ELECTRICAL CHARACTERISTICS 


CHARACTERISTIC 

TEST 

CONDITIONS 

All Voltage Values 

Are in Volts 

LIMITS 

Values at -55“C. +25°C, +125°C Apply to 
D, F, K, H Packages 

Values at -40‘’C, +25°C, +85“C Apply to E 
Package 

UNITS 


'^DD 

(V) 

-55° 

-40° 

+85° 

+125° 

+25° 


TYP. 

MAX. 

Quiescent Device Current, l[_ max. 
D, F, H Pkgs. 

E Pkg . 


5 

0.25 

_ 

- 

7.5 

0.01 

0.25 

tiA 

10 

0.5 

- 

- 

15 

0.01 

0.5 

15 

2 

- 

- 

40 

0.02 

2 

5 

_ 

2.5 

15 

- 

0.25 

2.5 


10 

- 

5 

30 

- 

0.25 

5 

15 

- 

50 

500 

- 

0.5 

50 

SIGNAL INPUTS (Vj,) AND OUTPUTS (V^j) 



ON Resistance, RQ[yj Max. 

^DD 

^SS 

Vis 

220 

250 

300 

320 

80 

280 

n 

Rl= lOkn* 

+7.5 

-7.5 

-7.5 to 
+7.5 

+ 15 

0 

0 to 
+ 15 

+5 

-5 

-5 to 
+5 

400 

450 

520 

550 

120 

500 

+ 10 

0 

0 to 
+ 10 

+2.5 

-2.5 

-25 to 
+2.5 

3000 

3500 

5200 

5500 

270 

5000 

-5 

0 

0 to 
+5 

A 

ON Resistance Between 

Any 2 of 4 Switches, 

A Rqn 


L= lOkn* 

- 


- 

- 

5 

- 

n 

+7.5 

0 

+ 15 

-7.5 

0 

+7.5 to 
-7.5 

+15 to 
to 0 

+5 

o 

+ 10 

-5 

0 

+5 to 

-5 

+10 to 

0 

- 

- 

- 

- 

10 

- 

Sine Wave Response 
(Distortion) 

+5 

-5 

5V 

p-p^ 

- 

- 

- 

- 

0.4 

- 

% 

Rl= 10kJ2 
f-lkHz 

Frequency Response 

Switch ON 
(Sine-Wave Input) 

+5 1 -5 l-5p-p 

- 

- 


- 

40 

- 

MHz 

RL = 1kn 

V 

20log^0-2S = -3dB 
''^is 

Feedthrough-Switch OFF 

+5 1 -5 |-5p-p 

- 

- 

- 

- 

1.25 

_ 

MHz 

Rl = ikn 

V 

20 log , 0 _2!=-50dB 
'^is 

Input or Output Leakage — 

Switch OFF (Effective 

OFF Resistance) 

^DD 

Vc = 

^SS 


_ 

_ 

_ 

_ 

±0.1 

±100* 

nA 

+7.5 

-7.5 


+5 

-5 

±5 

- 

- 

- 

- 

±0.1 

±100* 

Crosstalk 

Between Any 2 of the 4 

Switches (f at —50 dB) 

Vc<A)=Vdd=+ 5 
Vc(B)=Vss=-5 
Rl= 1kJ2 

Voc<B) 

20 log,o-^^ = 
(A) 

(A) 

5V 

p-p 

-50dB 


- 

- 

- 

0.9 

- 

MHz 

i 
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CD4066A Types 

ELECTRICAL CHARACTERISTICS (Cont'd) 


CHARACTERISTIC 


Propagation Delay (Signal 
Input to Signal Output) 
*pd 


Capacitance; 

Input, Cjj 
Output, Cq 5 
Feedthrough, Cj^. 
CONTROL (Vp) 


Noise Immunity, 
Min. 


Input Leakage Current, 1 1 |_ 
Max. 


Crosstalk 

Control Input to 
Signal Output 

Propagation Delay, tp^^ 


Maximum Allowable Control 
Input Repetition Rate 


Av. Input Capacitance, Ci 


TEST 

CONDITIONS 

AH Voltage Values 
Are in Volts 


''C“ ''DD 
'^DD Vg3 = GND 
Cl = 15pF 
Vjj = sq. wave 
'^DD tp tf = 20 ns 
“ (Input Signal) 


LIMITS 

Values at t 2B°C, +125°C Apply lo 

D, F, K, H Packages 

Values at -40°C. +25°C, +85"C Apply to E 
Package 

-55° 

-40° 

+85° 

+125° 

+2 

TYP. 

5° 

MAX. 

- 

- 

- 

- 

20 

50 

- 

- 

- 

- 

10 

25 

_ 

_ 

_ 

_ 


_ 


- 

- 

- 

8 

- 

- 

- 

- 

- 

0.5 

- 


''is^ ''DD 

li5=10pA 

^DD ~^SS" ''Q 

Vis<VDD 

Vdd-VsS= 15 
^ - Voc 


■Vc"^fc R|_=300kn 
= 20 ns Vi-<10 


Vdd=iO'Vss=gnd 
R|_=1kJ2,C|_=15pF 
Vq = 10 (sq. wave) 
tp, tf = 20 ns 


* Limit determined by minimum feasible leakage measurement for automatic testing. 
^ Symmetrical about 0 volts. * For all test conditions. ^c^ss 


ji MEASURED ON BOONTON 

I II I capacitance bridge 

I Vr=-5V Vnn= + 5V ' MODEL 75A ( IMHz) 


''is^'^DD CD4066A 

O — I OF 4 

SWITCHES 



VSS ^ 

ALL UNUSED TERMINALS 

ARE CONNECTED TO Vss- 92CS-239I9 

Fig. 7 — OFF switch input or output leakage. 


Fig. 6— Capacitance test circuit. 
Vc^'^DD '^OO 



CD4066A ''os 
I OF 4 — Q 

SWITCHES > 


all unused TERMINALS 
9ZC5 CONNECTED TO Vss 

Fig. 9 — Crosstalk-control input to signal output. 
/— \ ''C*''0D '^DO 


ALL UNUSED INPUTS ARE CONNECTED TO VsS- 
92CS-23920RI 

Fig. 8 — Propagation delay time signal input (Vj^) 
to signal output (V^). 



KEITHlEY 
160 DIGITAL 
MULTIMETER 


1 H.P. 
X-Y ^^OSELEY 
PLOTTER 


92CS-227I6 

Fig. 3 — Channel ON resistance measurement circuit. 



INPUT SIGNAL VOLTAGE (V^,)— VOLTS 

92CS-239I7 

Fig. 4 - Typical ON characteristics for 1 of 4 
channels. 






SWITCHING FREQUENCY m-Hrtfr 

9ZCS-23924 

Fig. 5 — Power dissipation per package vs. switching 
frequency. . , 


■vc HSK 

t r M f ■ 20 ns -/"N-ZA-. 


CD4066A 

O 1 OF 4 

Vis* + IOV SWITCHES 


ALL UNUSED INPUTS ARE CONNECTED TO Vss- 
92CS-23923 

Fig. 10 - Maximum allowable control input repeti- 
tion rate. 


vdd 

Vss 



NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH Vdo ANOVss- 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
VodO'*V5s 


ALL UNUSED TERMINALS ARE CONNECTED TO Vss- 
92CS-23922RI 

Fig. 11 - Propagation delay tp^i_ control- 

signal output. 


Fig. 12 - Input leakage current test circuit. 
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CMOS Telecommunica- 
tions, Display-Driver, and 

Interface Circuits 

Technical Data 



CA3300 Types 

CMOS Video Speed 6-Bit Flash 
Analog-to-Digital Converter 

For Use in Low-Power Consumption, High-Speed 

Digitization Applications 

Features: 

■ CMOS low power with speed 

■ Parallel conversion technique 

■ 15-MHz sampling rate (66-ns conversion time) 

■ 6-bit latched 3-state output with overflow bit 

■ ±V 2 LSB accuracy 

■ Single supply voltage {3 to 10 V) 

■ 2 units in series allow 7-bit output 

■ 2 units in parallel allow 30-MHz sampling rate 

■ Internal Vref with ext I/ref option 

■ Available with EVP processing for improved reliability 


18-Lead Duai-ln-Line 





18-Lead Dual-ln-Line 
Side-Brazed 
Ceramic Package 


The RCA-CA3300 types are CMOS 50-mW parallel (FLASH) 
analog-to-digital converters designed for applications 
demanding both low-power consumption and high-speed 
digitization. 

The CA3300 types operate over a wide full-scale input- 
voltage range of 2.4 volts up to the dc supply voltage with 
maximum power consumption as low as 50 to 200 mW, 
depending upon the clock frequency selected. When 
operated from a 5-volt supply at a clock frequency of 11 
MHz, the power consumption of the CA3300 is less than 50 
mW. When operated from an 8-volt supply at a frequency of 
15 MHz, the power consumption is less than 150 mW. 

The intrinsic high conversion rate makes the CA3300 types 
ideally suited for digitizing high-speed signals. The overflow 
bit makes possible the connection of two or more CA3300’s 
in series to increase the resolution of the conversion 
system. A series connection of two CA3300’s may be used 
to produce a 7-bit high-speed converter. Operation of two 
CA3300’s in parallel doubles the conversion speed (i.e., 
increases the sampling rate from 1 5 to 30 MHz). CA3300’s in 
parallel may be combined with a high-speed 6-bit D/A 
converter, a binary adder, control logic, and an op amp to 
form a very-high-speed A/D converter. 

Sixty-four paralleled auto-balanced voltage comparators 
measure the input voltage with respect to a known reference 
to produce the parallel-bit outputs In the CA3300. Sixty- 
three comparators are required toquantizeall input voltage 
levels in this 6-bit converter, and the additional comparator 
is required for the overflow bit. 

The CA3300 types are available as follows: Types CA3300D 
and CA3300DX in an 18-lead dual-in-line ceramic package 
(D suffix), types CA3300E and CA3300CE in an 18-lead 
dual-in-line plastic package (E suffix), or in chip form (H 
suffix). The CA3300DX offers the additional advantage of 
improved reliability as a result of EVP (Extra Value Program) 
processing. For further information on EVP, see RCA 
publication EVP-300B or contact your RCA representative. 


Applications: 

■ The CA3300 types are especially suited for high- 
speed conversion applications where low power 
is also important 

■ TV video digitizing {industrial/security) 
m High-speed A/D conversion 

■ Ultrasound signature analysis 

■ Transient signal analysis 

■ High-energy physics research 

■ High-speed oscilloscope storage/display 

■ General-purpose hybrid ADC's 

■ Optical character recognition 

■ Radar pulse analysis 

■ Motion signature analysis 


TOP VIEW 


(MSB) B6 

L 

1 

y 

18 

B5 

OVERFLOW 

2 

17 

B4 

vss — 

3 

16 

REF. CENTER 

Vz — 

4 

15 

B3 

CE2 

5 

14 

B2 

cTi — 

6 

13 

Bl (LSB) 

CLK 

7 

12 

Q 

Q 

> 

1 

PHASE 

8 

11 



REF.+ 

9 

10 

REF- 
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CA3300 Types 


vdd 



REF 

CENTER 


REF- 


CLOCK 

PHASE 

ZENER 

DIODE 



OVER- 

FLOW 

B6{MSB) 

B5 

B4 

B3 

B2 

BKLSB) 

CE2 



Fig. 1 - Block diagram for the CA3300. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY VOLTAGE RANGE (Vdd) 

(VOLTAGE REFERENCED TO Vss TERMINAL) -0.5 to 10 V 

INPUT VOLTAGE RANGE 

ALL INPUTS EXCEPT ZENER (PIN 4) -0.5 to Vdd +0.5 V 

DC INPUT CURRENT 

CLK, PH, CEI, CE2. ViN ± 10 mA 

POWER DISSIPATION PER PACKAGE (Pd) 

FOR Ta = -55 to +55° C 315 mW 

FOR Ta = +55°C to +125°C Derate linearly at 3.3 mW/°C 

TEMPERATURE RANGE 

OPERATING (CA3300DX. Refer to Fig. 3) -55 to +125°C 

OPERATING (CA3300D. E. CE) -40 to +85°C 

STORAGE -65 to +150° C 

LEAD TEMPERATURE (DURING SOLDERING) 

At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) from case for 10 s max +265° C 
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ELECTRICAL CHARACTERISTICS 




LIMITS 

mm 

CHARACTERISTIC 

TEST CONDITIONS @ 25^0 

CA3300D, DX, E 




MIN. 

TYP. 

MAX. 

HH 

Resolution 


— 

— 

6 


Linearity Error 

Vdd=8 V. Vref=7.68 V 

CLK=15 MHz, gain adjusted 

- 

±0.5 

±0.8 


Differential Linearity Error 

Vdd=8 V, Vref=7.68 V 

CLK=15MHz 

- 


±0.8 

LSB 

Quantizing Error 


-V2 

— 

y2 


Analog Input: 

Vdd=8 V 





Full Scale Range 

CLK=15MHz 

2.4 

— 

Vdd+0.5 

V 

Input Capacitance 


— 

50 

— 

PF 

Input Current 


— 

600 

1000 

M 

Gain Temperature Coefficient 

Vdd=8 V, CLK=15MHz 

-r 


— 

LSB/°C 

Maximum Conversion Speed 

Vdd=5 V 



— 

SPS 


> 

00 

11 

Q 

O 

> 


IBQH 

— 

Device Current 

Vdd=5 V (CLK=11 MHz) 

— 

7 

— 


(Excludes Iref, Iz) 

Vdd=8V(CLK=15MHz) 

— 

22 

— 

mA 


Vdo=5 V (Auto Balance State) 

— 

6.4 

16 


Vdd=8 V (Auto Balance State) 

— 

24 

40 


Ladder Impedance 


1000 

1400 

1800 

0 

Digital Inputs: 






Low Voltage 

Vdd=5 V 

— 

— 

1.5 

\j 


Vdd~8 V 

— 

— 

2.5 


High Voltage 

Vdo=5 V 

3.5 

— 

— 

V 


> 

00 

II 

o 

o 

> 

5.5 

— 

— 

Input Current 

> 

00 

II 

o 

o 

> 

— 

±1 

— 


Digital Outputs: 






Output Low 

Vdd= 5 V, Vo=0.4 V 

1.6 

10 

— 


(Sink) Current 

Vdd= 8 V, Vo=0.5 V 

3.2 

15 

— 


Output High 

Vdd= 5 V, Vo=4.6 V 

-0.8 

6 

— 

(Source) Current 

Vdd= 8 V, Vo=7.5 V 

-1.6 

9 

— 


Zener Voltage 

lz=10 mA 

6.2 

6.8 

7.4 

V 

Zener Dynamic Impedance 

l2=10 mA 

— 

10 

30 

Q 

Zener Temperature Coefficient 


— 

0.5 

— 

mV/°C 

Digital Output Delay, td 

> 

00 

II 

o 

Q 

> 

— 

20 

— 


Aperture Time 

Vdd=8 V 

— 

25 

— 



50 

e 

COND 

TEMF 

LADC 

ARE 

TIONS; 

25 *0 

ER AND ZENE 
NOT INCLUDE 

R CURRENTS 

:d 








n 














3 

O 















J 

s 

cc 

cc 

^ 20 




V 


VOLT 








J 


a. 

a 

^ 10 

0 





^ r 

DO *8 VOLTS 













1 — ^ — r 

Vopc 5 VOLTS 






- 

- 




: 

— I — r 











2 4 

8 


4 6 


2 


100 1000 10,000 
CLOCK FREQUENCY-kHz 

92CS-3424I 



Fig. 2 - Typical current drain versus sampling rate 
as a function of supply voltage. 


Fig. 3 - Maximum ambient temperature versus supply voltage. 
(Above curve includes ladder dissipation but not the 
zener dissipation.) 
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CA3300 Types 




LIMITS 


CHARACTERISTIC 

TEST CONDITIONS @ 2S^C 

CA3300CE 

UNITS 




TYP. 

MAX. 


Resolution 


— 

— 

6 

Bits 

Linearity Error 

Vdd=8 V, Vref=7,68 V 

CLK=9 MHz, gain adjusted 

— 


±0.8 


Differential Linearity Error 

Vdd=8 V, Vref=7.68 V 

CLK=9MHz 

— 

±0.5 



Quantizing Error 


_1/2 

— 

V2 


Analog Input; 

Vdd=8 V 





Full Scale Range 

CLK=9 MHz 

2.4 

— 

Vdd+0.5 

V 

Input Capacitance 


— 

50 

— 

PF 

Input Current 


— 

450 

1000 


Gain Temperature Coefficient 

Vdd=8 V, CLK=9MHz 

— 

0.016 


LSB/°C 

Maximum Conversion Speed 

Vdd=5 V 

6M 

— 

— 

SPS 


Vdd=8 V 

9M 

19M 

— 

Device Current 

Vdd=5 V (CLK=7 MHz) 

— 

4 

— 


(Excludes Iref, Iz) 

Vdd=8 V (CLK=9 MHz) 

— 

12 

— . 

mA 


Vdd=5 V (Auto Balance State) 

— 

6.4 

16 


Vdd=8 V (Auto Balance State) 

— 

24 

40 


Ladder Impedance 


1000 

1400 

1800 

0 

Digital Inputs: 






Low Voltage 

Vdd=5 V 


— 

1.5 

V 


Vdd=8 V 

— 

— 

2.5 

High Voltage 

> 

10 

11 

o 

Q 

> 

3.5 

— 

— 

\/ 


> 

00 

II 

o 

a 

> 

5.5 

— 

— 


Input Current 

Vdd=8 V 

— 

±1 

— 

M 

Digital Outputs: 






Output Low 

Vdd= 5 V, Vo=0.4 V 

1.6 

10 

— 


(Sink) Current 

Vdd= 8 V, Vo=0.5 V 

3.2 

15 

— 

mA 

Output High 

Vdd= 5 V, Vo=4.6 V 

-0.8 

6 

— 

(Source) Current 

Vdd= 8 V, Vo=7.5 V 

-1.6 

9 I 

— 


Zener Voltage 

lz=10 mA 

6.2 

6.8 


V 

Zener Dynamic Impedance 

l2=10 mA 

__ 

10 


O 

Zener Temperature Coefficient 


— 

0.5 


mV/°C 

Digital Output Delay, td 

> 

00 

II 

□ 

o 

> 

1 

20 

— 

r\ c 

Aperture Time 

Vdd=8 V 


25 

1 

— 

lib 
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Fig. 4 - Typical maximum sample rate versus supply voltage. 


Fig. 5 - Typical offset error versus sample rate as a function 
of supply voltage. {See literature for offset trim.) 
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Fig. 7 - Typical input current versus input voltage 
as a function of supply voltage. 
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Fig. 8 - Typical input current versus sample rate 
as a function of supply voltage. 
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Fig. 10- Typical linearity versus sample rate as a 
function of supply voltage. 



92CS-34233 

Fig. 1 1 - Typical linearity versus reference voltage 
as a function of supply voltage. 


Device Operation 

A sequential parallel technique is used by the CA3300 
converter to obtain Its high-speed operation. The sequence 
consists of the "Auto Balance” phase 01 and the "Sample 
Unknown” phase 02. (Refer to the circuit diagram.) Each 
conversion takes one clock cycle.* With the phase control 
(pin 8) low, the "Auto Balance” (01 ) occurs during the High 
period of the clock cycle, and the "Sample Unknown” (02) 
occurs during the low period of the clock cycle. 

During the “Auto Balance” phase, a transmission switch is 
used to connect each of 64 commutating capacitors to their 


This device requires only a single phase clock. The terminology of 
01 and 02 refers to the High and Low periods of the same clock. 


CA3300 Types 

associated ladder reference tap. Those tap voltages will be 
as follows: 

Vtap (N) = [(Vref/64) X N] - [Vref/(2 x 64)] 

= Vref[(2N-1)/128] 

Where: Vtap (n) = reference ladder tap voltage at point n 
Vref = voltage across R" to R"" 

N = tap number (1 through 64) 

The other side of the capacitor is connected to a single 
stage amplifier whose output is shorted to its input by a 
switch. This biases the amplifier at Its intrinsic trip point, 
which is approximately, (Vdd-Vss)/2. The capacitors now 
charge to their associated tap voltages, priming the circuit 
for the next phase. 

In the "Sample Unknown” phase, all ladder tap switches are 
opened, the comparator amplifiers are no longer shorted, 
and ViN is switched to all 64 capacitors. Since the other end 
of the capacitor Is now looking Into an effectively open 
circuit, any voltage that differs from the previous tap voltage 
will appear as a voltage shift at the comparator amplifiers. 
All comparators with tap voltages greater than Vin will drive 
the comparator outputs to a "low” state, all comparators 
with tap voltage lower than Vin will drive the comparator 
outputs to a "high” state. 

The status of all these comparator amplifiers are stored at 
the end of this phase (02), by a secondary latching amplifier 
stage. Once latched, the status of the 64 comparators is 
decoded by a 64-to 7-bit decode array and the results are 
clocked into a storage register at the rising edge of the next 
02 . 

A 3-state buffer is used at the output of the 7 storage 
regis ters which are controlled by two chip-enable signals. 
CE1 will independently disable B1 through B6 when it is in a 
high state. CE2 will independently disable B1 through B6 
and the OF buffers when it is in the low state. 

To facilitate usage of this device a phase-control input is 
provided which can effectively complement the clock as it 
enters the chip. Also, an on-board zener is provided for use 
as a reference voltage. 

Continuous Clock Operation 

One complete conversion cycle can be traced through the 
CA3300 via the following steps. (Refer to timing diagram 
Fig. 6a.) With the phase control in a ‘High’ state, the rising 
edge of the clock input will start a "sample” phase. During 
this entire ‘High’ state of the clock, the 64 comparators will 
track the input voltage and the 64 latches will track the 
comparator outputs. At the falling edge of the clock, all 64 
comparator outputs are captured by the 64 latches. This 
ends the "sample” phase and starts the "auto balance” 
phase for the comparators. During this ‘Low’ state of the 
clock the output of the latches propagates through the 
decode array and a 7-blt code appears at the D Inputs of the 
output registers. On the next rising edge of the clock, this 
7-bit code Is shifted into the output registers and appears 
with time delay td as valid data at the output of the 3-state 
drivers. This also marks the start of a new "sample” phase, 
thereby repeating the conversion process for this next 
cycle. 

Pulse Mode Operation 

For sampling high-speed nonrecurrent or transient data, 
the converter may be operated in a pulse mode in one of two 
ways. The fastest method is to keep the converter In the 
Sample Unknown phase, 02, during the standby state. The 
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device can now be pulsed through the Auto Balance phase 
with as little as 33 ns. The analog value is captured on the 
leading edge of 01 and is transferred into the output 
registers on the trailing edge of 01 . We are now back in the 
standby state, 02, and another conversion can be started 
within 33 ns, but not later than 1 /iS due to the eventual 
droop of the commutating capacitors. Another advantage 
of this method is that it has the potential of having the lowest 
power drain. The larger the time ratio between 02 and 01 , 
the lowerthe powerconsumption. (See timing diagram Fig. 
6b.) 

The second method uses the Auto Balance phase, 01, as 
the standby state. In this state the converter can stay 
indefinitely waiting to start a conversion. A conversion is 
performed by strobing the clock input with two 02 pulses. 
The first pulse starts a Sample Unknown phase and captures 
the analog value in the comparator latches on the trailing 
edge. A second 02 pulse is needed to transfer the data into 
the output registers. This occurs on the leading edge of the 
second pulse. The conversion now takes place in 67 ns, but 
the repetition rate may be as slow as desired. The 
disadvantage to this method is the higher device dissipation 
due to the low ratio of 02 to 01. (See timing diagram Fig. 
6c.) 

Increased Accuracy 

In most cases the accuracy of the CA3300 should be 
sufficient without any adjustments. In applications where 
accuracy is of utmost importance, three adjustments can be 
made to obtain better accuracy; I.e., offset trim, gain trim, 
and midpoint trim. 

Offset Trim 

In general offset correction can be done in the preamp 
circuitry by Introducing a dc shift to Vin or by the offset trim 
of the op amp. When this is not possible the R' (pin 10) input 
can be adjusted to produce an offset trim. The theoretical 
Input voltage to produce the first transition is Vi LSB. The 
equation is as follows; 

Vin (Oto 1 transition) = V 2 LSB = y2(VREF/64) 

= Vref/128 

If Vin for the first transition is less than the theoretical, then a 
single-turn 50-ohm pot connected between R" and ground 
will accomplish the adjustment. Set Vm to Vi LSB and trim 
the pot until the 0 to 1 transition occurs. 

If Vin for the first transition is greater than the theoretical, 
then the 50-ohm pot should be connected between R" and a 
negative voltage of about 2 LSB’s. The trim procedure is as 
stated previously. 

Gain Trim 

In general the gain trim can also be done in the preamp 
circuitry by introducing a gain adjustment for the op amp. 
When this is not possible, then a gain adjustment circuit 
should be made to adjust the reference voltage. To perform 
this trim, Vin should be set to the 63 to overflow transition. 
That voltage is Vi LSB less than Vref and is calculated as 
follows: 

Vin (63 to 64 transition) = Vref - Vref/128 
= Vref (127/128) 

To perform the gain trim, first do the offset trim and then 
app'v the required Vin for the 63 to overflow transition. Now 
adjust Vref until that transition occurs on the outputs. 

Midpoint Trim 

The reference center (RC), pin 16, Is available to the user as 
the approximate midpoint of the resistor ladder. The actual 
count that is brought out Is count 33. To trim the midpoint. 


the offset and gain trims should be done first. The theoretical 
transition from count 32 to 33 occurs at 32y2 LSB’s. That 
voltage is as follows: 

Vin (32 to 33 transition) = 32.5 (Vref/64) 

An adjustable voltage follower can be connected to the RC 
pin or a 2-K pot can be connected between R^ and R' with 
the wiper connected to RC. Set Vm to the 32 to 33 transition 
voltage, then adjust the voltage follower or the pot until the 
transition occurs on the output bits. 

The Reference Center point can also be used to create 
some unique transfer functions. For example, if R" is 
grounded, RC is connected to 3.25 volts, and R"^ is connected 
to 4.8 volts then the lower order counts, 1 through 33, will 
have an LSB value of 100 mV while the upper order counts, 
34 through Overflow, will have an LSB value of 50 mV. This 
effectively provides twice the sensitivity in the upper counts 
as compared to the lower counts. 

7- Bit Resolution 

To obtain 7-bit resolution, two CA3300’s can be wired 
together. Necessary ingredients include an open-ended 
ladder network, an overflow indicator, three-state outputs, 
and chip-enabler controls— all of which are available on the 
CA3300. 

The first step for connecting a 7-bit circuit is to totem-pole 
the ladder networks, as illustrated in Fig. 13. Since the 
absolute resistance value of each ladder may vary, external 
trim of the mid-reference voltage may be required. 

The overflow output of the lower device now becomes the 
seventh bit. When it goes high, all counts must come from 
the upper device. When it goes low, all counts must come 
from the lower device. This is do ne s imply by connecting 
the lower overflow signal to the CE1 control of the lower 
A/D converter and the CE2 control of the upper A/D 
converter. The three-state outputs of the two devices (bits 1 
through 6) are now connected in parallel to complete the 
circuitry. The complete circuit for a 7-bit A/D converter is 
shown in Fig. 14. 

8- Bit to 12-Bit Conversion Techniques 

To obtain 8-*to 12-bit resolution and accuracy, use a feed- 
forward conversion technique. Two A/D converters will be 
needed to convert up to 11 bits; three A/D converters to 
convert 12 bits. The high speed of the CA3300 allows 12-bit 
conversions In the 500 to 900-ns range. 

The circuit diagram of a high-speed 12-bit A/D converter is 
shown in Fig. 15. In the feed-forward conversion method 
two sequential conversions are made. Converter A first 
does a coarse conversion to 6 bits. The output is applied to a 
6-bit D/A converter whose accuracy level is good to 1 2 bits. 
The D/A converter output is then subtracted from the input 
voltage, multiplied by 32, and then converted by a second 
flash A/D converter, which is connected in a 7-bit configu- 
ration. The answers from the first and second conversions 
are added together with bit 1 of the first conversion 
overlapping bit 7 of the second conversion. 

When using this method, take care that: 

■ The linearity of the first converter is better than V 2 LSB. 

■ An offset bias of 1 LSB (1/64) is subtracted from the first 

conversion since the second converter is unipolar. 

■ The D/A converter and its reference are accurate to the 

total number of bits desired for the final conversion (the 
A/D converter need only be accurate to 6 bits). 

The first converter can be offset-biased by adding a 
20-n resistor at the bottom of the ladder and increasing 
the reference voltage by 1 LSB. If a 6.40-voltage 
reference is used in the system, for example, then the 
first CA3300 will require a 6.5-V reference. 
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S/H, V|N 


BINARY 



Fig. 15 - Typical CA3300 800-ns 12’bit ADC system. 
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TYPICAL FO R 

CLK PIN 7 
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CA3300 
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Fig. 16 - TTL interface circuit for Voo > 5.5 volts. 
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OUTPUT CODE TABLE 


CODE DESCRIPTION 

Vref 

7.68 

(V) 

INPUT VOLTAGE* 

Vref Vref 

6.40 5.12 

(V) (V) 

Vref 

3.20 

(V) 

OF 

B6 

BINARY 
OUTPUT CODE 
(LSB) 

B5 B4 B3 

B2 

B1 

DECIMAL COUNT 

Zero 

0.00 

0.00 

0.00 

0.00 

0 

0 

0 

0 

0 

0 

0 

0 

1 LSB 

0.12 

0.10 

0.08 

0.05 

0 

0 

0 

0 

0 

0 

1 

1 

2 LSB 

0.24 

0.20 

0.16 

0.10 

0 

0 

0 

0 

0 

1 

0 

2 

Vz Full Scale — 1 LSB 

3.72 

3.10 

2.48 

1.55 

0 

0 

1 

1 

1 

1 

1 

31 

Vz Full Scale 

3.84 

3.20 

2.56 

1.60 

0 

1 

0 

0 

0 

0 

0 

32 

Vz Full Scale +1 LSB 

3.96 

3.30 

2.64 

1.65 

0 

1 

0 

0 

0 

0 

1 

33 

Full Scale — 1 LSB 

7.44 

6.20 

4.96 

3.10 

0 

1 

1 

1 

1 

1 

0 

62 

Full Scale 

7.56 

6.30 

5.04 

3.15 

0 

1 

1 

1 

1 

1 

1 

63 

Overflow 

7.68 

6.40 

5.12 

3.20 

1 

1 

1 

1 

1 

1 

1 

127 


*The voltages listed below are the ideal centers of each output code shown as a function of its associated reference voltage. 


0 20 40 60 80 100 120 127 



(3.150-3.352) 
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Dimensions and pad layout for CA3300H. 


Dimensions in parentheses are in millimeters and are derived from 
the basic inch dimensions as indicated. Grid graduations are in 
mils {10~^ inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the wafer Is 
separated into individual chips, the angle of cleavage may vary 
with respect to the chip face for different chips. The actual 
dimensions of the isolated chip, therefore, may differ slightly 
from the nominal dimensions shown. The user should consider 
a tolerance of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CMOS Video Speed 8-Bit Fiash 
Anaiog-to-Digitai Converter 

For Use in Low-Power Consumption, 

High-Speed Digitization Applications 

Features: 

■ CMOS low power with SOS speed 

■ Parallel conversion technique 

■ 15-MHz sampling rate {66-ns conversion time) 

■ 8-bit latched 3-state output with overflow bit 

■ ± Vi LSB accuracy {typ.) 

■ Single supply voltage {4 to 8 V) 

■ 2 units in series allow 9-bit output 

■ 2 units in parallel allow 30-MHz sampling rate 



(D) SUFFIX 
24-Lead Dual-In-Line 
Side-Brazed Ceramic Package 


The RCA CA3308* is a CMOS 200-mW parallel (FLASH) 
analog-to-digital converter designed for applications 
demanding both low-power consumption and high-speed 
digitization. 

The CA3308 operates over a wide full-scale Input-voltage 
range of 4 volts up to 8 volts with maximum power 
consumptions as low as 200 mW, depending upon the clock 
frequency selected. When operated from a 5-volt supply at 
a clock frequency of 15 MHz, the power consumption of the 
CA3308 Is less than 150 mW. 

The intrinsic high conversion rate makes the CA3308 
ideally suited for digitizing high-speed signals. The overflow 
bit makes possible the connection of two or more CA3308s 
in series to increase the resolution of the conversion system. 
A series connection of two CA3308s may be used to 
produce a 9-bit high-speed converter. Operation of two 
CA3308S in parallel doubles the conversion speed (i.e., 
increases the sampling rate from 15 to 30 MHz). CA3308s 
may be combined with a high-speed 8-bit D/A converter, a 
binary adder, control logic, and an op amp to form a very 
high-speed 15-bit A/D converter. 

256 paralleled auto-balanced voltage comparators measure 
the input voltage with respect to a known reference to 
produce the parallel-bit outputs in the CA3308. 

255 comparators are required to quantize all input voltage 
levels in this 8-bit converter, and the additional comparator 
is required for the overflow bit. 

The voltage supply for analog circuitry is termed Vaa ^nd 
AGND. The voltage supply for digital circuitry is termed 

Vdd and Vss- 

The CA3308 type is available in a 24-iead dual-in-line 
ceramic package (D suffix). 


• Formerly Developmental Type No. TA11279. 


Applications: 

■ The CA3308 is especially suited for high-speed con- 
version applications where low power is also important 

■ TV video digitizing {industrial/security/broadcast) 

■ High-speed A/D conversion 

■ Ultrasound signature analysis 

■ Transient signal analysis 

■ High-energy physics research 

■ High-speed oscilloscope storage/display 

■ General-purpose hybrid ADCs 

■ Optical character recognition 

■ Radar pulse analysis 

■ Motion signature analysis 

■ pP data acquisition systems 



(TOP VIEW) 


(LSB) B1 

L 

1 

24 

YaA (ANALOG SUPPLY) 

B2 

2 

23 

3/4 R 

B3 

3 

22 

-FR 

B4 

4 

21 

V|N 

85 

5 

20 

1/2R 

B6 

6 

19 

PHASE 

B7 

7 

18 

CLK 

(MSB) B8 

8 

17 

AGND (ANALOG GROUND) 

OVERFLOW 

9 

16 



1/4 R 

10 

15 

R 

(DIGITAL GROUND) Vss 

11 

14 



(DIGITAL SUPPLY) Vdd 

12 

13 

C^EZ 
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CA3308, CA3308A Types 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

VaA = VdD 

MIN. 

TYP. 

MAX. 



Resolution 


— 

— 

8 

Bits 

Linearity Error 

VdD=5 V, Vref=6.4 V 



±0.5 

(CA3308AD) 

CLK=15 MHz, gain adjusted 



±1 

(CA3308D) 

Differential Linearity Error 

VdD=5 Vref=6.4 V 



±0.5 

(CA3308AD) 

CLK=15MHz 



±1 

(CA3308D) 

Quantizing Error 


-’72 

— 

72 

LSB 

Analog Input: 

Vdd=5 V 


■■ 



Full Scale Range 

CLK=15MHz 

4 


8 

V 

Input Capacitance 


- 


- 

PF 

Input Current 

V|n=6.4V 

— 


2000 

fjA 

Maximum Conversion Speed 

Vdd=5 V 

15 M 


— 

SPS 

Device Current (Excludes Iref) 

VdD=5V(CLK=15MHz) 

— 

50 

— 

mA 

Ladder Impedance 


300 


900 

0 

Digital Inputs: 






Low Voltage 


— 

- 

1.5 

V 

High Voltage 

VdD=5 V 

3.5 

— 

— 

V 

Input Current (Except Pin 18) 


— 

±1 

— 


Digital Outputs: 



■■ 



Output Low (Sink) Current 

Vdd=5V, Vo=0.4V 

3.2 

HI 

— 

mA 

Output High (Source) Current 

Vdd=5 V, Vo=4.6 V 

1.6 

IH 

— 

Digital Output Delay, td 

VdD=5 V 

— 

25 

— 

ns 
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CA3308, CA3308A Types 


Device Operation 

A sequential parallel technique is used by the CA3308 
converter to obtain its high-speed operation. The sequence 
consists of the “Auto Balance” phase, 01, and the "Sample 
Unknown” phase 02. (Refer to the circuit diagram.) Each 
conversion takes one clock cycle.* With the phase control 
(pin 8) high, the “Auto Balance” (01 ) occurs during the High 
period of the clock cycle, and the “Sample Unknown” (02) 
occurs during the low period of the clock cycle. 

During the “Auto Balance” phase, a transmission switch Is 
used to connect each of the first set of 256 commutating 
capacitors to their associated ladder reference tap. Those 
tap voltages will be as follows: 

Vtap (N)=[(N/256) VrefH(1/512) Vrer] 
=[(2N-1/512]Vref 

Where: 

Vtap (n)=reference ladder tap voltage at point n. 
VREF=voltage across —REF to +REF 
N=tap number (1 through 256) 

The other side of these capacitors are connected to single 
stage amplifiers whose outputs are shorted to their inputs 
by switches. This balances the amplifiers at their intrinsic 
trip points, which is approximately, VdD“Vss/ 2. The first 
set of capacitors now charge to their associated tap 
voltages. 

At the same time a second set of commutating capacitors 
and amplifiers are also auto-balanced. The balancing of the 
second stage amplifier at its intrinsic trip point removes any 
tracking differences between the first and second amplifier 
stages. The cascaded auto-balance (CAB) technique, used 
here, increases comparator sensitivity and temperature 
tracking. 

In the “Sample Unknown” phase, all ladder tap switches 
and comparator shorting switches are opened. At the same 
time Vjn is switched to the first set of commutating 

‘This device requires only a single phase clock. The terminology of 
01 and 02 refers to the High and Low periods of the same clock. 


capacitors. Since the other end of the capacitors are now 
looking into an effectively open circuit, any input voltage 
that differs from the previous tap voltage will appear as a 
voltage shift at the comparator amplifiers. All comparators 
that had tap voltages greater than Vj^ will go to a "low” state 
at their outputs. All comparators that had tap voltages 
lower than Vjn will go to a “high” state. 

The status of all these comparator amplifiers are ac 
coupled through the second stage comparator and stored 
at the end of this phase (02), by a latching amplifier stage. 
Once latched, the status of the comparators are decoded 
by a 256 to 9-bit decode array and the results are clocked 
into a storage register at the rising edge of the next 02. 

A 3-state buffer is used at the output of the 9 storage 
registers which are controlled by two chip-enable signals. 
CE1 will Independently disable B1 through B8 when It Is in a 
high state. CE2 will independently disable B1 through B8 
and the OF buffers when it is in the low state. 

To facilitate usage of this device a phase control input is 
provided which can effectively complement the clock as it 
enters the chip. 

Continuous Clock Operation 

One complete conversion cycle can be traced through the 
CA3308 via the following steps. (Refer to timing diagram 
No. 1.) With the phase control in a “low” state, the rising 
edge of the clock input will start a “sample” phase. During 
this entire "high” state of the clock, the comparators will 
track the input voltage and the latches will track the 
comparator outputs. At the falling edge of the clock, all 256 
comparator outputs are captured by the 256 latches. This 
ends the “sample” phase and starts the “auto balance” 
phase for the comparators. During this “low” state of the 
clock the output of the latches propagates through the 
decode array and a 9-bit code appears at the D inputs of the 
output registers. On the next rising edge of the clock, this 
9-bit code is shifted into the output registers and appears 
with time delay t(j as valid data at the output of the 3-state 
drivers. This also marks the start of a new “sample” phase, 
thereby repeating the conversion process for this next 
cycle. 


CD22100 Types 


CMOS 4 X 4 Crosspoint 
Switch with Controi Memory 

High-Voltage Types (20-Volt Rating) 


The RCA-CD22100 combines a 4 x 4 
array of crosspoints (transmission gates) with 
a 4-line-to-1 6-line decoder and 16 latch cir- 
cuits, Any one of the sixteen transmission 
gates (crosspoints) can be selected by apply- 
ing the appropriate four line address. The 
selected transmission gate can be turned on 
or off by applying a logical one or zero, 
respectively, to the data input and strobing 
the strobe input to a logical one. Any number 
of the transmission gates can be ON simul- 
taneously. When the required operating 
power is applied to the CD22100, the states 
of the 16 switches are indeterminate. 
Therefore, all switches must be turned off 


by putting the strobe high and data-in low, 

and then addressing all switches in 

succession. 

Features: 

■ Low ON resistance — 75 typ. at 
Vqd = 12 V 

■ “Built-in" control latches 

■ Large analog signal capability - ± VQp/2 

■ 10-MHz switch bandwidth 

■ Matched switch characteristics 
^f^ON ~ 18^ fyP- at Vqp = 12 V 

■ High linearity — 0,5% distortion (typ.) at 
f=1 kHz, V,M = 5Vp.p, Vdd = 10V, 
and Rl = 1 

■ Standard CMOS noise immunity 

■ 1 00% tested for maximum quiescent 
current at 20 V 


MAXIMUM [KfSJWHQS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V^q) 

(Voltages referenced to Vgg Terminal) 

INPUT VOLTAGE RANGE, ALL INPUTS 

DC INPUT CURRENT. ANY ONE INPUT* 


POWER DISSIPATION PER PACKAGE (Pq): 

For Tf^ = -40 to +60®C (PACKAGE TVTE E) . . 

For T;^ = +60 to -^85®C (PACKAGE TYPE E) . . 

For T^ = -55 to +100°C (PACKAGE. TYPES D, F) 
For T^ = +100 to +125®C (PACKAGE TYPES D, F) 
DEVICE DISSIPATION PER TRANSMISSION GATE 


-0.5 to +20 V 

-0.5 to VpD +0.5 V 

±10 mA 

500 mW 

Derate Linearly at 12 mW/°C to 200 mW 

^ 500 mW 

Derate Linearly at 12 mW/°C to 200 mW 


FOR T^= FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ..... 100 mW 

OPERATING-TEMPERATURE RANGE (T^): 

PACKAGE TYPES D, F, H -55to+125°C 

PACKAGE TYPE E _40 to +85®C 

STORAGE TEMPERATURE RANGE (T^j ) _65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 ± 1/32 Inch (1.59 ±0.79 mm) from case for 10 s max, 


+265°C 


* Maximum current through transmission gates (switches) = 25 mA. 


DATA 

STROBE IN 



Fig. 1 — Functional diagram. 



FIQ- 2— Typical ON resistance as a function of 
input signal voltage at Vqq = 



92CS- 30262 


Fig. 3— Typical ON resistance as a function of 



-10 -7.5 ^ -25 0 2.5 5 75 10 

INPUT SIGNAL (V,,)-V 

92CS-30263 


Fig. 4 — Typical ON resistance as a function of 
input signal voltage at (/« « = - = 

7.5 V. 
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CD22100 Types 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage Range (For Ta = 

Full Package-Temperature Range) 

3 

18 

V 



Fig. 6— Schematic diagram. 


TRUTH TABLE 

Address 

Select 

Address 

Select 

A 

B 

c 

D 


A 

B 

c 

D 


0 

0 

-0 

0 

X1Y1 

0 

0 

0 

1 

X1Y3 

1 

0 

0 

0 

X2Y1 

1 

0 

0 

1 

X2Y3 

0 

1 

0 

0 

X3Y1 

0 

1 

0 

1 

X3Y3 

1 

1 

0 

0 

X4Y1 

1 

1 

0 

1 

X4Y3 

0 

0 

1 

0 

X1Y2 

Q 

0 

1 

t 

X1Y4 

1 

0 

1 

0 

X2Y2 

1 

0 

1 

1 

X2Y4 

0 

1 

1 

0 

X3Y2 

0 

1 

1 

1 

X3Y4 

1 

1 

1 

0 

X4Y2 

1 

1 

1 

1 

X4Y4 



Fig. 5— Typical ON resistance as a function of 
input signal voltage at ‘•25 C. 



0 2 4 6 8 10 


INPUT VOLTAGE (Vj.l-V «cs-502e9 

Fig. 7 — Typical switch ON transfer charac’ 
teristics ( 1 of 16 switches). 


AMBIENT TEMPERATURE <Ta)» 29*C 
SUPPLY VOLTAGE = Voo* + S, Vgs* - 9V 

INPUT SIGNAL VOLTAGE (V«)»9Vp-pJ 

I SINE WAVE (L 77 V RMS) [ 

DATA-IN VOLTAGE {VoaTA-IN> • + 5 1 
j LOAD capacitance (Ct)* 19 pP Ciep«0.4pF 
1 


>«,(RMS) 



10 ^ 10 ^ 10 * »• 
input signal FREQUENY 

t2CS-S02M 

Fig. 8 — Typical switch ON frequency response 
characteristics. 




Fig. 9 — Typical crosstalk between switches as a 
function of signal frequency. 


637 







CD22100 Types 


STATIC ELECTRICAL CHARACTERiSTICS 


CHARAC- 

TERISTIC 

CONDITIONS 

LIMITS at Indicated Temperature TO 
Values at -55,+25,+125,apply to D,F,H pkg 
Values at -40,-i-25,-i-85,apply to E pkg 

Units 


V|N 

(VI 

Vdd 

(V) 

-55 

-40 

+85 

+125 

i25 1 

Min. 

Typ. 

Max. 

CROSSPOINTS 

Quiescent 
Device Cur- 
rent, Iqd 
M ax. 


- 

5 

5 

5 

150 

150 

- 

0.04 

5 

pA 

- 

10 

10 

10 

300 

300 

- 

0.04 

10 

- 

15 

20 

20 

600 

600 

- 

0.04 

20 

- 

20 

100 

100 

3000 

3000 

- 

0.08 

100 

ON Resist- 
ance 

Rqn 

Any Switch 

V|S = 

Oto Vqd 

- 

5 

475 

500 

725 

800 

- 

225 

600 

a 

- 

10 

135 

145 

205 

230 

- 

85 

180 

- 

12 

100 

110 

155 

175 

- 

75 

135 

- 

15 

70 

75 

110 

125 

- 

65 

95 

AON Resist- 
ance, 

Between 
any two 
switches 

_ 

5 

_ 

- 

— 

— 

— 

25 

- 

a 

- 

10 

- 


- 

- 

- 

10 

- 

- 

12 

- 

- 

- 

- 

- 

8 

- 

- 

15 

_ 

— 

- 

- 

- 

5 

- 

OFF Switch 
Leakage 
Current 

1 L Max. 

All switches 
OFF 

0,18 

18 

±100 

±1000 

- 

±1 

±100* 

nA 

CONTROLS 1 

Input Low 
Voltage 

VjL- Max. 

OFF switch 
lL<0.2pA 

- 

5 

1.5 

- 

- 

1.5 


- 

10 

3 

- 

- 

3 



15 

4 

- 

- 

4 

V 

Input High 
Voltage, 
V|H Min. 

ON switch 
see Rqn 
characteristic 

. — 

5 

3.5 

3.5 

- 

- 


- 

10 

7 

7 

- 

- 


- 

15 

11 

11 

- 

- 


Input 
Current, 
l||yi Max. 

Any control 

0,18 

18 

±0.1 

±0.1 

±1 

±1 

- 

±10-5 

±0.1 

pA 


* Determined by minimum feasible leakage measurement for automatic testing. 


DYNAMIC ELECTRICAL CHARACTERISTICS at T;:^ = 25°C 



CONDITIONS 

LIMITS 


CHARACTERISTIC 








UNITS 

♦is 

Rl 

Vis« 

Vdd 





kHz 

kn 

(V) 

(V) 

Min. 

Typ. 

Max. 


CROSSPOINTS 

Propagation Delay Time, (Switch ON) 



5 

5 

- 

30 

60 


Signal Input to Output, tp|^(_, 

- 

10 

10 

10 

- 

15 

30 

ns 




15 

15 

- 

10 

20 



Cl = 

50pF;tr, tf 

= 20 ns 





Frequency Response, 

1 

1 

5 

10 

- 

40 

- 

MHz 

(Any Switch ON) 

Sine wave input , 






20 log ^ 
''is 

- = -3 dB 





Sine Wave Response, (Distortion) 

1 

1 

5 

10 

- 

0.5 

- 

% 

Feedthrough 

1.6 

1 

5 

10 

- 

-80 

- 

dB 

(All Switches OFF) 

Sine wave 

input 







•Peak-to-peak voltage symmetrical about 




92CS- 30268 


Fig. 10 — Typical dynamic power dissipation as a 
function of switching frequency. 


voo 



Fig. 11 — Quiescent current test circuit. 



. NOTE 

MEASURE INPUTS 
SEQUENTIALLY TO 
. BOTH Voo AND Vss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 


92CS- 50270 


Fig. 12 — Input current test circuit. 



APPLYING VOD 

Fig. 13 — Dynamic power dissipation test circuit. 
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CD22100 Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T^ = 25°C 


CHARACTERISTIC 

CONDITIONS 

LIMITS 

UNITS 

fis 

kHz 

Rl 

kn 

Vis* 

(V) 

Vdd 

(V) 

Min. 

Typ. 

Max. 

CROSSPOINTS (CONT'D) 

Frequency for Signal Crosstalk 
Attenuation of 40 dB 

Attenuation of 110 dB 

- 

1 

10 

10 


1.5 

0.1 

- 

MHz 

kHz 

Sine wave input 

Capacitance, 
to Ground 

Yp to Ground 

Feedthrough 


- 

- 

5-15 

5-15 

- 

18 

30 

0.4 


pF 

CONTROLS 

See 

Fig. 


Propagation Delay Time: 

Strobe to Output, tp^H 
(Switch Turn-ON to High Level) 

Rl= 1 I<J 2 , 
Cl=50pF, 
t„,t^ = 20 ns 

18 

5 

10 

15 

- 

300 

125 

80 

600 

250 

160 

ns 

Data-In to Output, tp^H 
(Turn-On to High Level) 



19 

5 

10 

15 

- 

110 

40 

25 

220 

80 

50 

Address to Output, tp^H 
(Turn-ON to High Level) 

20 

5 

10 

15 

- 

350 

135 

90 

700 

270 

180 

Propagation Delay Time: 

Strobe to Output, tp|_| 2 [ 

(Switch Turn-OFF) 

18 

5 

10 

15 

— 

165 

85 

70 

330 

170 

140 

ns 

Data-In to Output, tp^L 
(Turn-ON to Low Level) 

19 

5 

10 

15 

- 

210 

110 

100 

420 

220 

200 

Address to Output, tppi^ 

(Turn-OFF) 

20 

5 

10 

15 

- 

435 

210 

160 

870 

420 

320 

Minimum Setup Time, 

Data-In to Strobe, Address, t 5 y 


5 

10 

15 

- 

95 

25 

15 

190 

50 

30 

ns 

Minimum Hold Time, 

Data-In to Strobe, Address, ty 


5 

10 

15 

- 

180 

110 

35 

360 

220 

70 

ns 

Maximum Switching Frequency, f 0 

Rl= 1 kS2, Cl= 50 pF 
tp, tf = 20 ns 

5 

10 

15 

0.6 

1.6 

2.5 

1.2 

3.2 

5 


MHz 

Minimum Strobe Pulse Width, tyy 

5 

10 

15 

- 

300 

120 

90 

600 

240 

180 

ns 

Control Crosstalk, 

Data-In, Address, or Strobe to Output 

- 

10 

10 

10 


75 


mV 

(peak) 

Square wave input 
tf, tf = 20 ns 

Input Capacitance, C|(\j 

Any Control Input 

- 

- 

5 

7.5 

pF 


• Peak-to-peak voltage symmetrical about Vpp. 

2 



Fig. 14 — OFF switch input or output leakage 
current test circuit. 



SW« ANY CROSSPOINT 
STROBE - DATA-IN -Voq 



9208-30273 


Fig. 15 — Propagation delay time test circuit and 
waveforms (signal input to signal output, 
switch on). 

CONTROLS 



50 mV 

Vo, 0 — 1 ^ 1 1^ 

-50 mV 


92CM-30277 

Fig. 16— Test circuit and waveforms for crosstalk 
(control input to signal output). 


^ r? 

iiin< .<un 


SW» ANY CROSSPOINT 




92CS-3027e 


Fig. 17 — Test circuit for crosstalk between switch 
circuits in the same package. 
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CD22100 Types 



92CM-30274 


Fig. 18 — Propagation delay time test circuit and waveforms (strobe to signal 
output, switch Turn-ON or Turn-OFF). 



Fig. 19 — Propagation delay time test circuit and waveforms (data-in to signal output, 
switch Turn-ON to high or low level). 



Fig. 20 — Propagation delay time test circuit and waveforms (address to signal output, 
switch Turn-On or Turn-OFF). 


0 10 20 30 4 0 50 60 70 80 90 100103 



Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~^ inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 


Dimensions and pad layout for CD22100H. 
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CD22101, CD22102 Types 


CMOS 4x4x2 
Crosspoint Switches 
With Controi Memory 

The RCA-CD22101 and CD22102 crosspoint 
switches consist of 4 x 4 x 2 arrays of cross- 
points (transmission gates), 4-line to 16-line 
decoders, and 16 latch circuits. Any one of 
the sixteen crosspoint pairs can be selected 
by applying the appropriate four-line ad- 
dress, and any number of crosspoints can be 
ON simultaneously. Corresponding cross- 
points in each array are turned on and off 
simultaneously, also. 

In the CD22101, the selected crosspoint pair 
can be turned on or off by applying a logical 
ONE or ZERO, respectively, to the data in- 
put, and applying a ONE to the strobe in- 
put. When the device is “powered up”, the 
states of the 16 switches are indeter- 
minate. Therefore, all switches must be 
turned off by putting the strobe high, 
data-in low, and then addressing all 
switches in succession. 

The selected pair of crosspoints in the 
CD22102 is turned on by applying a logical 
ONE to the Kg (set) input while a logical 


Features: 

■ Low ON resistance — 75 typ. at 
Vdd = 12V 

■ "Built-in" latched inputs 

■ Large analog signal capability — 

± Vdd/2 

■ 10 MHz switch bandwidth 

■ Matched switch characteristics 
ARqn = 8 12 typ. at X/pD = 12 V 

■ High linearity -0.25% distortion (typ.) at 

f = 1 kHz, V||M = 5 Vp.p, Vdd - Vss = 10 V, 
and Ri = 1 ki2 

■ Standard CMOS noise immunity 

ZERO is on the input, and turned off by 
applying a logical ONE to the Kp (reset) 
input while a logical ZERO is on the Kg 
input. In this respect, the control latches of 
the CD22102 are similar to SET/RESET 
flip-flops. They differ, however, in that the 
simultaneous application of ONEs to the Kg 
and Kb inputs turns off (resets) all cross- 
points. All crosspoints in both devices must 
be turned off as Vdd 's applied. 

The CD22101 and CD221 02 types are sup- 
plied in 24-lead hermetic dual-in-line ceramic 
packages (D and F suffixes), 24-lead dual-in- 
line plastic packages (E suffix), and In chip 
form (H suffix). 



Applications: 

■ Telephone systems 

■ PBX 

■ Studio audio switching 

■ Multisystem bus 

interconnect 


MAXIMUM Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vqq) 

(Voltages referenced to Vss Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vqd +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT* ±10mA 

POWER DISSIPATION PER PACKAGE (Pq): 

For Ta = -40 to +60OC (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For Ta = -55 to +100OC (PACKAGE TYPES D,F) 500 mW 

For Ta = +100 to +125OC (PACKAGE TYPES D, F) . . . Derate Linearly at 1 2 mW/OC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, H -55 to +1 250C 

PACKAGE TYPE E -40 to +85OC 

STORAGE TEMPERATURE RANGE (Tjtg) -65 to +l50OC 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1 /1 6 ± 1 /32 inch ( 1 .59 ± 0.79 mm) from case for 1 0 s max +265°C 


* Maximum current through transmission gates (switches) = 25 mA. 


B 

1 • ^ 

24 
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2 

23 

A 

X2' — 

3 

22 

X2 

Yl' 

4 

21 

Yl 

Y2’ 

5 

20 

Y2 

X4' 

6 

19 

X4 

X3' 

7 

18 

X3 

Y4' 

8 

17 

Y4 

Y3' 

9 

16 

Y3 

XI' 

10 

15 

XI 

D 

II 

14 

DATA 

Vss — 

12 

13 

STROBE 


TOP VIEW 


92CS-29839 

CD22101 Terminal Diagram 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that oper- 
ation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

Min. 

Max. 

Supply- Voltage Range (For Ta = Full Package- 
Temperature Range) 

3 

18 

V 



92CS-29840 


CD22102 Terminal Diagram 







CD22101, CD22102 Types 


INPUTS PROTECTED 
BY COS/MOS PROTECTION 
NETWORK 




S, 

[L 

i; 


& 


f[ih 



[5 

[ih 




[j§- 


’ 

[k" 


15 

X 

s 

22 

1 X 

I6NALI 

IN (OUT) 

4 

r 1 






f4^ 


[£h 



[S- 


ok- 





' [k-* 


■ 


Fig. 1 — Functional block diagram. 



INPUTS 

PROTECTED BY C 
COS/MOS PROTECTION 
NETWORK 



di’) (xV) 



CD22I02 

DETAIL OF LATCHES 


DETAIL OF TRANSMISSION CATES 




Fig. 2 - Logic diagram. 
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CD22101, CD22102 Types 


DECODER TRUTH TABLE 


Address 

Select 

Address 

Select 

A 

B 

C 

D 


A 

B 

C 

D 


0 

0 

0 

0 

XI Y1 &X1'Y1' 

0 

0 

0 

1 

X1Y3&X1'Y3' 

1 

0 

0 

0 

X2Y1 & X2'Y1' 

1 

0 

0 

1 

X2Y3 & X2'Y3' 

0 

1 

0 

0 

X3Y1 & X3'Y1' 

0 

1 

0 

1 

X3Y3 & X3'Y3' 

1 

1 

0 

0 

X4Y1 & X4'Y1' 

1 

1 

0 

1 

X4Y3 & X4'Y3' 

0 

0 

1 

0 

X1Y2&X1'Y2' 

0 

0 

1 

1 

X1Y4&X1'Y4' 

1 

0 

1 

0 

X2Y2 & X2'Y2' 

1 

0 

1 

1 

X2Y4 & X2'Y4' 

0 

1 

1 

0 

X3Y2 & X3'Y2' 

0 

1 

1 

1 

X3Y4 & X3'Y4' 

1 

1 

1 

0 

1 

X4Y2 & X4'Y2' 

1 

1 

1 

1 

X4Y4 & X4'Y4' 


CONTROL TRUTH TABLE FOR CD22101 


Function 

Address 

Strobe 

Data 

Select 


A 

B 

C 

D 




Switch On 

1 

1 

1 

1 

1 

1 

15 (X4Y4) 8> 

15' (X4'Y4') 

Switch Off 

1 

1 

1 

1 

1 

0 

15 (X4Y4) & 

15' (X4'Y4') 

No Change 

X 

X 

X 

X 

0 

X 

X X XiX 


1 * High Level; 0 = Low Level; X * Don't Care 


CONTROL TRUTH TABLE FOR CD22102 


Function 

Address 

Ka 

Kb 

Select 


A 

B 

C 

D 




Switch On 

1 

1 

1 

1 

1 

0 

16 (X4Y4) & 

15' (X4'Y4') 

Switch Off 

1 

1 

1 

1 

0 

1 

15 (X4Y4) & 

15' (X4'Y4') 

All Switches 
Off# 

X 

X 

X 

X 

1 

1 

All 

No Change 

X 

X 

X 

X 

0 

0 

X X X X 


1 » High Level; 0 » Low Level; X <>= Don't Care 

# In the event that Kg and Kt, are changed from levels 1,1 to 0,0 Kj, should not be allowed to go to 0 before Ka, 
otherwise a switch which was off will inadvertently be turned on. 
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CD22101, CD22102 Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARAC' 

TERISTIC 

CONDITIONS 

LIMITS at Indicated Temperature 

Values at — 55,+25,+125,apply to D,F,H pkg 
Values at -40,+25,+85,apply to E pkg 

Units 



V|S 

(V) 

Vdd 

-55 

-40 

in 

00 

-f 

+125 

+25 




(V) 





Min. 

Typ. 

Max. 


CROSSPOINTS 

Quiescent 
Device Cur- 


- 

5 

5 

5 

150 

150 

- 

0.04 

5 



- 

10 

10 

10 

300 

300 

- 

0.04 

10 

/iA 

rent, Iqd 


- 

15 

20 

20 

600 

600 

- 

0.04 

20 

Max. 


- 

20 

100 

100 

3000 

3000 

- 

0.08 

100 


ON Resist- 

Any Switch 

- 

5 

475 

500 

725 

800 

- 

225 

600 


ance 

- 

10 

135 

145 

205 

230 

- 

85 

180 


Rqn 

V|S = 

- 

12 

100 

110 

155 

175 

- 

75 

135 

Oto V 00 

- 

15 

70 

75 

110 

125 

- 

65 

95 




— 

5 

_ 

- 

- 

— 

_ 

25 

- 


AON Resist- 

Between 

- 

10 

- 

- 

- 

- 

- 

10 

- 

n 

ance, 

ARqn 

any two 

- 

12 

- 

- 

- 

- 

_ 

8 

- 

switches 

- 

15 

- 

- 

- 

- 

_ 

5 

- 


OFF Leak- 
age Current 
II Max. 

All switches 
OFF 

0,18 

18 

±1000 

- 

±1 

± 100 * 

nA 

CONTROLS 

Input Low 

OFF switch 
I|_<0.2 mA; 

- 

5 

1.5 

- 

- 

1.5 


Voltage 

- 

10 

3 

- 


3 


V|L Max. 

- 

15 

4 

- 


4 

V 

Input High 

ON switch 

_ 

5 

3.5 

3.5 

- 

- 


Voltage, 

see Rqn 

- 

10 

7 

7 

- 

- 


V|m Min. 

characteristic 

- 

15 

11 

11 

- 

- 


Input 
Current, 
l||yi Max. 

Any control 

0,18 

18 

± 0.1 

± 0.1 

±1 

±1 

- 

±10-5 

± 0.1 

ma 


* Determined by minimum feasible leakage measurement for automatic testing. 



Fig. 3 — Typical ON resistance as a function of 
input signal voltage at Vqq = — ^55 = 
2.5 V. 



Fig. 4 — Typical ON resistance as a function of 
input signal voltage at Vqq = — Voo* 
5 I/. 



Fig. 5 — Typical ON resistance as a function of 
input signal voltage at Vqq = — = 



Fig. 6 — Typical ON resistance as a function of 
input signal voltage at T^ = 25° C. 



Fig. 7 — Typical switch ON transfer characteristics 
(1 of 16 switches). 



10^ 10^ 10^ 10® 10® 

INPUT SIGNAL FREQUENT (fj,)- kHz 92CS-30266 

Fig. 8 — Typical switch ON frequency response 
characteristics. 
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CD22101, CD22102 Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T^ - 2S°C 



CONDITIONS 

LIMITS 










UNITS 



«L 







^is 

Vi.* 

Vdd 





kHz 

ka 

(V) 

(V) 

Min. 

Typ. 

Max. 


CROSSPOINTS 



Propagation Delay Time, (Switch ON) 



5 

5 

_ 

30 

60 


Signal Input to Output, tpH|_, tpL^I 

- 

10 

10 

10 

- 

15 

30 

ns 




15 

15 


10 

20 



Cl = 

= 50pF;tr, tf 

= 20 ns 





Frequency Response, 

1 

rri 

5 

10 

- 

40 

— 

MHz 

(Any Switch ON) 

Sine wave input. 







20 log 

''is 

= -3dB 






1 

1 

2.5 

5 


1 



Sine Wave Response, (Distortion 

1 

1 

5 

10 

_ 

0.25 

_ 

% 


1 

1 

7.5 

15 

- 

0.15 

- 


Feedthrough 

1.6 

0.6 

2" 

10 

- 

-96 

- 

dB 

All Switches OFF (See Fig. 24) 

Sine wave input 





Frequency for Signal Crosstalk 
Attenuation of 40 dB 

- 

I 0.6 


10 


2.5 


MHz 







Attenuation of 95 dB (See Fig. 23) 

Sine wave input 



0.1 


kHz 

Capacitance, 









Xp to Ground 


- 

- 

- 

- 

25 

- 


Yp to Ground 


- 

- 

- 

- 

60 

- 

pF 

Feedthrough 


- 

- 

- 

_ 

0.6 

- 


CONTROLS 


See 

Fig. 






Propagation Delay Time, High Impedance 

Rl= 1 kn. 

■ 

5 

Bi 

500 

1000 


to High Level or Low Level, tp^H* tpZL 

Ci_=50pF, 

m 

10 


230 

460 


Strobe to Output, CD22101 

V tf = 

20 ns 


15 


170 

340 






B 

■ 

515 

1000 


Data-In to Output, CD22101 



17 

B 


220 

440 






15 


170 

340 





■ 

5 

■ 

500 

1000 


Kg to Output, CD22102 




10 


215 

430 





■1 

15 


160 

320 






5 

■ 

480 

960 


Address to Output, 



18 

10 


225 

450 


CD22101, CD22102 




, 

■ 

155 

300 

ns 

Propagation Delay Time, High Level or 



{■ 


■ 

450 

900 

Low Level to High Impedance, tpi-i7, tpi 7 




10 

■ 

200 

400 


Strobe to Output, CD22101 



16 

15 

■ 

135 

270 





■1 


■ 

ESI 

900 


K|3 to Output, CD22102 



■ 

10 


m 

400 





■1 

15 

:■! 

Bi 

260 





■ 


Bi 

H5tl 

900 


Data-In to Output, CD22101 



■ 

10 


165 

330 





■ 

15 


m 

220 





■ 

5 

■ 

280 

560 


Kg* Kb to Output, CD22102 



n 

10 


130 

260 






-IJ5 



mm 



• Peak-to-peak voltage symmetrical about Vqq unless otherwise specified. ■ RMS 



Fig. 9 — Typical crosstalk between switches as a 


function of signal frequency. 



Fig 10 — Typical feedthrough, any OFF switch as 
a function of frequency. 



Fig. 11 Typical dynamic power dissipation as a 
function of switching frequency for 

CD22101. 



Fig. 12 — Quiescent current test circuit. 
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CD22101, CD22102 Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at Ta 2S°C (cont’d) 



CONDITIONS 

LIMITS 

UNITS 

CnAHACTcRlSTiC 

kHz 

Rl 

kn 

Vj,* 

(V) 

Vqd 

<V) 

Min. 

Typ. 

Mix. 

CONTROLS (cont'd) 








5 



425 

850 


Address to Output, 

Rl= 

1 k, 

18 

10 

- 

190 

380 


CD22101.CD22102 

Cl = 

50 pF, 


15 

_ 

130 

260 


Minimum Strobe Pulse Width 

tr,tf = 

= 20 ns 


5 


260 

500 


CD22101 





10 

- 

120 

240 







15 

- 

80 

160 


Address to Strobe Setup or Hold Times, 





5 

— 

-160 

0 


tsutth, CD22101 




19 

10 

- 

-70 

0 







15 

- 

-50 

0 


Strobe to Data-In Hold Time, 





5 

_ 

200 

400 


Time, t|,HL;thLH-CD22101 




20 

10 

- 

80 

160 







15 

- 

60 

120 

ns 

Address to Kg and Setup or Hold Times, 





5 

- 

-160 

0 


tsu. tH. CD22102 





10 

- 

-70 

0 







15 

~ 

-50 

0 


Minimum Kg'K^ Pulse Width, ty/y 





5 

_ 

375 

750 


CD22102 





10 

- 

160 

320 







15 

- 

110 

220 


Minimum Kg Pulse Width, X\f^ 





5 

_ 

425 

850 


CD22102 





10 

- 

175 

350 







15 

- 

120 

240 


Minimum Pulse Width, tyy 





5 

_ 

200 

400 


CD22102 


f 



10 

- 

90 

180 







15 

- 

70 

140 


Control Crosstalk, 

100 

10 


5 

- 

75 

- 


Data-In, Address, or Strobe 

Square wave 

21 





mv 

to Output, 

input 

= 

5 V, 






(peak) 


tr,tf= 

20 ns. 








Rs=1kn 







Input Capacitance, C||\j 

Any Control 


- 

- 

5 

7.5 

pF 


Input 









VoD 




Fig. 14 — Dynamic power dissipation test circuit 
for CD22101. 




SW» ANY CROSSPOINT 
STROBE - DATA-IN -Vqq 


92CS- 30273 


Fig. 15 - OFF switch input or output leakage 
current test circuit (16 of 32 
switches). 


Fig. 16— Propagation delay time test circuit and wave- 
forms (signal input to signal output, 
switch ON). 
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CD22101, CD22102 Types 



92CM-30274 

Fig. 17 — Propagation delay time test circuit and waveforms (strobe to signal 
output, switch Turn-ON or Turn-OFF). 



Fig. 18 — Propagation delay time test circuit and waveforms (data-in to signal output, 
switch Turn-ON to high or low level). 



Fig. 19 — Propagation delay time test circuit and waveforms (address to signal output, 
switch turn-ON or Turn-OFF). 



OUTPUT OF SWITCH 
ADDRESSED 


NOTE: 

IF SETUP AND HOLD TIMES PROVIDEDARE TOO SHORT 
AN UNADDRESSED SWITCH MAY BE TURNED ON OR OFF 
SIMULTANEOUSLY WITH THE ADDRESSED SWITCH- 

92CS-3I634 



Vss THROUGH IK. ADDRESS XIY2 (ABCD) WITH f|N-IOkHz 
92CS-3I635 


Fig. 20 - Address to strobe setup and hold times. 


Fig. 21 — Strobe to Data-In hold time tf^, for CD22101. 
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CD22101, CD22102 Types 



ON 



SW-ANY CROSSPOINT 92CS-3I657 



Vos 

ISOLATION (dB)» 20 LOG ~ 

''is 

92CS- 31658 


Fig. 23 - Test circuit for crosstalk between switch 
circuits in the same package. 


Fig. 24 — Test circuit for feedthrough 
(any OFF switch). 



Dimensions and pad iayout for CD22101H. Dimensions and pad layout for CD22102H. 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils {10'^ 
inch). 


The photographs and dimensions of each CMOS 
chip represent a chip when it is part of the wafer. 
When the wafer is separated into individual 
chips, the angle of cleavage may vary with 
respect to the chip face for different chips. The 
actual dimensions of the isolated chip, therefore, 
may differ slightly from the nominal dimensions 
shown. The user should consider a tolerance of 
-3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD22103 Types 


Preliminary Data 

CMOS HDB3 (High Density Bipolar 3) 
Transcoder for 2.048/8.448 Mb/s 
Transmission Applications 

Features: 

■ HDB3 coding and decoding for data rates from 50 Kb/s to 10 Mb/s in a 

manner consistent with CCITT G703 recommendations. 

■ HDB3/AMI transmission coding/reception decoding with code error 

detection is performed in independent coder and decoder sections. 

■ Ail transmitter and receiver inputs/outputs are TTL compatible. 

■ Internal Loop Test capability. 



The RCA CD22103 Is an LSI SOS integrated circuit which TheHDB3 transmitter coder codesareNRZbinaryunIpolar 

performs the HDB3 transmission coding and reception input signal (NRZ-ln) and a synchronous transmission 

decoding functions with error detection. It Is used in 2.048 clock (CTX) into two HDB3 binary unipolar RZ output 

and 8.448 Mb/s transmission applications. The CD22103 signals (+HDB3 OUT, -HDB3 OUT). The TTL compatible 

performs HDB3 coding and decoding for data rates from 50 output signals +HDB3 OUT, -HDB3 OUT are externally 

Kb/s to 10 Mb/s in a manner consistent with CCITT G703 mixed to generate ternary bipolar HDB3 signals for driving 

recommendations. transmission lines. 

HDB3 reception decoding is performed on ternary bipolar 
HDB3 transmission coding/reception decoding with code HBD3 signals which have been externally split to provide 

error detection is performed in independent code and binary unipolar receiver input signals, (+HDB3 IN, -HDB3 

decodersections. All transmitter and receiver inputs/outputs IN), and a synchronous receiver clock signal, (CRX) into 

are TTL compatible. binary unipolar NRZ signals (NRZ - Out). 




92CS- 33991 Rl 

Fig. 1 - Block diagram of the CD22103. 
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CD22103 Types 

Received signals not consistent with HDB3 coding rules are 
detected as errors. The receiver error output (ERR) is active 
high during one CRX period of each bit of received data 
which is inconsistent with HDB3 coding rules. 

An Input string consisting of all ones (or marks) Is detected 
and signaled by a high level at the Alarm Signal (AIS) 
output. The AIS output Is set to a high level when less than 
three zeros are received during two consecutive periods of 
the Reset Alarm Inhibit Signal (RAIS). The AIS output Is 
subsequently reset to a low level when three or mo re zero s 
are received during two periods of the reset signal (RAIS). 

A diagnostic Loop-T est Mode may be entered by driving the 
Loop Test Enable Input (LTE) high. In this mode the HDB3 
transmitter outputs (+HDB3 OUT, -HDB3 OUT) are 
internally connected to the HDB3 receiver inputs, and the 
external HDB3 receiving inputs (+HDB3 IN, -HDB3 IN) are 
disabled. The NRZ binary output signal (NRZ - Out) 
corresponds to the NRZ binary input signal (NRZ - In) 
delayed by approximately 8 clock periods. 


The Clock Receiver Output (CKR) is the product of the two 
HDB3 input signals or-ed together. The CRX clock signal 
may be derived from the CKR signal with external clock 
extraction circuitry. In the Loop Test Mode (LTE = 1) CKR is 
the product of the +HDB3 OUT and -HDB3 OUT signals 
or-ed together. 

The CD22103 may also be used to perform the AMI to NRZ 
coding/decoding fun ction. To use the CD22103 In this 
mode, the HDB3/AMI control input is driven low. 

The RCA CD221 03 operates with aSV power supply voltage 
over the full military temperature range at data rates from 50 
Kb/s up to 10 Mb/s. 

The RCA CD22103 is similar in function and pin 
configuration to type MJ1471. 

The CD22103 types are supplied in 16-lead hermetic dual- 
in-line ceramic packages (D suffix), 16-lead dual-in-line 
plastic packages (E suffix), and in chip form (H suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vdd) 

(Voltages referenced to Vss Terminal) 

INPUT VOLTAGE RANGE, ALL INPUTS 

DC INPUT CURRENT, ANY ONE INPUT 

POWER DISSIPATION PER PACKAGE (Pd) 

For Ta = -40 to + 60® C (PACKAGE TYPE E) 

For Ta = + 60 to +85® C (PACKAGE TYPE E) 

For Ta = -55 to + 100® C (PACKAGE TYPE D) 

For Ta = + 100 to + 125® C (PACKAGE TYPE D) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 
OPERATING-TEMPERATURE RANGE (Ta) 

PACKAGE TYPES D, H 

PACKAGE TYPE E 

STORAGE TEMPERATURE RANGE (Tstg) 

LEAD TEMPERATURE (DURING SOLDERING); 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max. . . 


-0.5 to + 8 V 

-0.5 to Vdd + 0.5 V 

±10 mA 

500 mW 

Derate Linearly at 12 mW/®C to 200 mW 

500 mW 

Derate Linearly at 12 mW/®C to 200 mW 

100 mW 

-55 to + 125®C 

-40 to + 85® C 

-65 to + 150®C 

+ 265®C 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that operating is always within the 
following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

Mln. 

Max. 

DC Supply Voltage Range 

4.5 

5.5 

V 
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CD22103 Types 

STATIC ELECTRICAL CHARACTERISTICS 


CHARACTERISTIC 

SYMBOL 



Min. 

Typ. 


Quiescent Device Current 

IDD 

— 

— 



Operating Device Current fCL = 10 MHz 


— 

— 

8 


HDB3 Output Low (Sink) Current (Vol = 0.5 V) 

IOL1 


— 


HDB3 Output High (Source) Current (Voh = 2.8 V) 

IOH1 


— 

— 

All Other Outputs Low (Sink) Current (Vol = 0.5 V) 

IOL2 

1.6 

— 

— 

All Other Outputs High (Source) Current (Voh = 2.8 V) 

|0H2 

-1.6 

— 

— 

Input Low Current 

IlL 

— 

— 

-1 

fjA 

Input High Current 

IlH 

— 

— 

1 

Input Low Voltage (Max.) 

VIL 

— 

— 

0.8 

D 

Input High Voltage (Min.) 

VIH 

2 

— 

— 

Input Capacitance 

CiN 

— 

— 


pF 


DYNAMIC ELECTRICAL CHARACTERISTICS 

at Ta range of -40° C to 85° C for plastic package 

-55° C to 125°C for ceramic package 
Vdd range of 4.5 V to 5.5 V 
Cl= 15 pF 




LIMITS 


CHARACTERISTIC 

SYMBOL 

Min. 



Typ. 



INPUT 

CTX, CRX Input Frequency 

fCTX, fCRX 


— 

10 


CTX, CRX Input Rise Time * 

trcl 


B 

B 


Fall Time * 

tfcl 



B 


NRZ-IN to CTX 






Data Setup Time * 

ts 

- 

— 

15 

ns 

Data Hold Time * 

tH 

— 

— 

15 

ns 

HDB3 IN to CRX 


■ 

B 

B 


Data Setup Time § 

ts 

H 

B 


ns 

Data Hold Time * 

tH 



H 

ns 

CRX to CKR 

CRX = 8.448 MHz 


■ 

■ 

■ 


Pretrigger ° 

tp 

■ 

B 



Delay 

td 



B 



* See Fig. 4 § See Fig. 5 ° See Fig. 6 
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CD22103 Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 

at Ta range of -40° C to 85° C for plastic package 

-55° G to 1 25° C for ceramic package 
Vdd range of 4.5 V to 5.5 V 
Cl= 15 pF 



Transmitter Coder 
CTX toHDBSQUT: 

Data Propagation Delay Time * 
Handling Delay Time 


HDB3 OUT Output Pulse Width * 
(Clock duty cycle = 50%) 
fCL = 2.048 MHz 
fCL = 8.448 MHz 


Receiver Decoder 
CRX to NRZOUT: 

Data Propagation Delay Times § 
Handling Delay Time # 


HDB3 INtoCKR 
HDB3 Propagation Delay Time f 

LTE = 0 tIN CKR — — I 

LTE = 1 — - : 

§ See Fig. 5 * See Fig. 4 t See Fig. 2 # See Fig. 3 

TRANSCODER OPERATION 

Transmitter Coder (See Fig. 2) HDB3/AMI coding Is performed on the 4 bit string, and 

The HDB3/AMI transmitter coder operates on 4 bit serial HDB3/AMI binary output data is clocked out to the (+HDB3 

strings of NRZ binary data and a synchronous transmitter OUT, -HDB3 OUT) outputs on the positive transition of the 
clock (CTX). NRZ binary data is serially clocked into the transmitter clock (CTX) 4 clock pulses after the data 

transmitter on the negative transition of the (CTX) clock. appeared at the (NRZ-ln) input. 

HANDLING DELAY 

CTX 


EXTERNALLY GENERATED 
TERNERY HDB3 


EXTERNALLY GENERATED 
AMI 


Fig. 2 - Transmitter coder operation timing waveforms - NRZ to HDB3/AMI coding. 
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92CS-33993RI 

Fig. 4 - Transmitter coder timing waveforms. 



92CS- 33994 Rl 

Fig. 5 - Receiver decoder timing waveforms. 
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CD22103 Types 



Fig. 6 - CRX Reconstruction Requirements. 

IN _n n n n, , n 

“HDB3 IN PI 


ERR 


92CS- 33995 

Fig. 7 - Receiver error-signals timing waveforms. 

Definition of HDB3 Code Used in CD22103 HDB3 Transcoder (As Per CCITT G703 Annex 
Recommendations) and Error Detection 


Coding of a binary signal into an HDB3 signal is done 

according to the following rules: 

1. HDB3 signal is pseudoternary; the three states are 
denoted B+, B-, and 0. 

2. Spaces in the binary signal are coded as spaces in the 
HDB3 signal. For strings of four spaces, however, special 
rules apply (See Item 4 below). 

3. Marks In the binary signal are coded alternately as B+ 
and B-in the HDB3 signal (alternate mark inversion). 
Violations of the rule of alternate mark inversion are 
introduced when coding strings of four spaces (See Item 
4 below). 

4. Strings of four spaces in the binary signal are coded 
according to the following rules: 

A) The first space of a string Is coded as a space if the 
polarity of the preceding mark of the HDB3 signal has 
a polarity opposite to the preceding violation and is 
not a violation by itself; it is coded as a mark, i.e., not a 
violation (i.e., B+ or B-), if the preceding mark of the 
HDB3 signal has the same polarity as that of the 
preceding violation or is by Itself a violation. 

This rule ensures that successive violations are of 
alternate polarity so that no dc component is 
Introduced. 

B) The second and third spaces of a string are always 
coded as spaces. 

C) The last space of a string of four is always coded as a 
mark, the polarity of which Is such that It violates the 
rule of alternate mark inversion. Such violations are 
denoted V+ or V- according to their polarity. 


The CD221 03 is designed to code and decode HDB3 signals 
which are coded as binary digital signals (NRZ-ln) and (+ 
HDB3 IN, -HDB3 IN), accompanied by sampling clocks 
(CTX) and (CRX). The two binary coded HDB3 outputs, (+ 
HDB3 OUT, -HDB3 OUT) may be externally mixed to create 
the ternary HDB3 signals (See Fig. 2). 

The two binary HDB3 input signals have been split from the 
input ternary HDB3 In an external line receiver. 

Error Detection 

Received HDB3/AMI binary input signals are checked for 
coding violations, and an error signal (ERR) is generated as 
described below. 

HDB3 Signals HDB3/AMI = High 

The error signal (ERR) is flagged high for one CTX period if 
a violation pulse (± V) is received of the same polarity as the 
last received violation pulse. 

A violation pulse (±V) is considered a reception error and 
does not cause replacement of the last string of 4 bits to 
zeros, if; 

The received 4 data bits previous to reception of the 
violation pulse have not been the sequence BXOO (where X = 
don’t care). The error signal (ERR) remains low. 

NOTES: 

The data sequences BOOOV and BBOOV are valid HDB3 
codings of the NRZ binary sequence 10000. 

The error signal (ERR) count, is the accurate number of all 
single bit errors. 
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AMI Signals HDB3/AMI = Low 

A coding error (ERR) is signaled when a violation pulse (+V) 
is received. 

In either the HDB3 or AMI mode: 

When high levels appear simultaneously on both HDB3 
Inputs (+ HDB3 IN, -HDB3 IN) a logical one Is assumed in 
theHDB3/AMI input stream and theerrorsignal (ERR) goes 
high. 


Alarm Inhibit Signal 

The alarm output (AIS) is set high If in two succe ssive 
periods of the external Reset Alarm Signal, (RAIS), less 
than three zeros are received. 


The alarm output (AIS) is reset low when three or more 
zeros are received during two reset alarm signal periods. 
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CD22104, CD22104A 


Preliminary Data 


CMOS Four-Digit LCD 
Decoder-Drivers 


6-V Rating 

Features 

■ 6-V supply-voltage rating 

■ No external components necessary 

m 4-digit segment drive capability 

■ Backplane input/output allows 
synchronization for cascading 
devices to drive more digits 

■ Decodes multiplexed binary to 
hexadecimal {CD22104) and decimal 
{CD22104A) outputs 


Appiicatlons 

■ Digital meters and calculators 

■ General-purpose displays 

■ iVa// and table clocks 

■ Automobile dashboard displays 

■ Appliance control panels 



The RCA-CD22104 types are non-multiplexed, four-digit, 
seven-segment, liquid-crystal display decoder-drivers. 

The CD22104 types contain ail the circuitry necessary to 
drive conventional LCD displays (no external components 
required). Outputs are four sets of seven-segment driver 
signals and a backplane driver signal. The backplane 
signal, derived from an on-board free-running oscillator, is 
common to all four-digit displays. 

The backplane and segment drives are designed so that p 
and n channels have the same ON resistances and thus 
equal rise and fall times. This equality eliminates any DC 
component, thereby maximizing display life. In addition to 
feeding the internal display drivers, the backplane signal 
can also be used as a master to drive a number of slave 
devices. The number of slaved devices should be limited to 
the load that keeps the backplane rise and fall times from 
exceeding 5 ps. If this limit is to be exceeded, the master 
backplane drivers should be disabled (by connecting pin 
36, the oscillator Input, to Vss) and pin 5 should be fed from 
an external oscillator and all devices slaved to it. The 
maximum frequency of the external signal should be 125 
Hz at room temperatures. 

The on-board oscillator, which operates at 16 kHz when 
free-running (pin 36 floating), provides a backplane signal 
whose frequency is approximately 125 Hz. This frequency 
can be reduced by connecting an external capacitor to pin 
36. Plots of backplane frequency vs. supply voltage at 
various values of external capacitance are shown in Fig. 3. 
The oscillator may be overdriven by an external signal but 
care must be taken to keep the lower voltage level above Vss 
by at least 20 per cent of Vdd (for Vdd=5 V the signal should 
oscillate between +1 and +5 volts). This precaution prevents 
the backplane driver from being disabled, a condition that 
would present a DC component to the LCD display. A signal 
swinging from rail-to-rall can also be used to overdrive the 
oscillator but in this case the duty cycle should be such that 
the lower portion of the signal must be less than one- 
microsecond duration (the backplane disable sensing circuit 
will not respond to signals of this duration). 


There are four data inputs and four digit-select Inputs. The 
four-bit binary input is decoded by means of a PROM into 
seven-segment hexadecimal outputs for the CD22104 and 
Into decimal seven-segment display outputs for the 
CD22104A. These devices are pin-compatible with the 
Intersil ICM7211IPL and ICM7211AIPL, respectively. 

The CD22104 types are supplied In the 40-lead dual-in-line 
plastic (E suffix) package. 
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CD22104, CD22104A 


MAXIMUM RAJ\HGSj Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vdd) 

(Voltages referenced to Vss Terminal) 

INPUT VOLTAGE RANGE. ALL INPUTS 

DC INPUT CURRENT, ANY ONE INPUT* 

POWER DISSIPATION PER PACKAGE (Pd): 

ForTA=-20to +60“ C 

ForTA=+60 to +70“ C 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta=FULL PACKAGE-TEMPERATURE RANGE 

OPERATING-TEMPERATURE RANGE (Ta): 

STORAGE TEMPERATURE RANGE (Ts,o) 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) from case for 10 s max. 
*Pin 36 limited to ±5 mA. 


-0.3 to +6.5 V 

-0.3 to Vdd +0.3 V 

±10 mA 

500 mW 

Derate Linearly at 12 mW/“C to 380 mW 

100 mW 

-20 to +70“ C 

-55 to +125“ C 

+265“ C 


STATIC ELECTRICAL CHARACTERISTICS 

Ta=25°C, Vdd= 5 V, Vss=0 V 


CHARACTERISTIC 

SYMBOL 

CONDITIONS 

LIMITS 

UNITS 

MIN. 

TYP. 

MAX. 

Operating Supply Voltage Range 

Vdd 

Vss = 0 V 

3 

5 

6 

V 

Operating Current 

' lop 

Display Operating 

— 

10 




loL, loH 

Pin 36 

— 

±2 




trsi tf8 

Cl = 200 pF 

— 

0.5 

BBH 

fJS 

Backplane Rise and Fall Time 

trBi tfe 

Cl = 5000 pF 

— 

1.5 

mm 

fJS 

Oscillator Frequency 

fosc 

Pin 36 Floating 

— 

16 


kHz 

Backplane Frequency 

fep 

Pin 36 Floating 

— 

125 

1^5 

Hz 

Input High Voltage 

V,H 


3.5 

— 

— 

V 

Input Low Voltage 

V,L 


— 

— 

1.5 

V 

Input Leakage Current 

IlL 

Pins 27-34 

— 


±1 

//A . 

Input Capacitance 

c, 

Pins 27-34 

— 

5 

— 

pF 

Backplane Input Leakage 

llL(BP) 

Pin 5 with Pin 36 @ Vss 

— 

±0.01 

±1 

//A 

Backplane Input Capacitance 

C|(BP) 


— 

200 

— 

pF 



DYNAMIC ELECTRICAL CHARACTERISTICS 
Ta=25°C, Vdd=5 V, Vss=0 V 


CHARACTERISTIC 

SYMBOL 

CONDITIONS 

TYP. 

VALUES 

UNITS 

Digit-Select Active Pulse Width 

tsa 

See Timing Diagram 

0.5 

fJS 

Data Setup Time 

tds 

See Timing Diagram 

250 

ns 

Data Hold Time 

tdh 

See Timing Diagram 

100 

ns 

Inter-Digit Select Time 

tids 

See Timing Diagram 

1 

/IS 
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CD22104, CD22104A 




SUPPLY VOLTAGE {Vjj£,)-V 

92CS- 36469 

Fig. 2 - Typical operating current as a function 
of supply voltage. 



Fig. 3 - Typical backplane frequency as a 
function of supply voltage and 
external capacitance on pin 36. 
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CD22104, CD22104A 


Table I — Output Codes 


Binary Input 

B3 B2 B1 BO 

Display | 

Hexadecimal 

Decimal 

CD22104 

CD22104A 

0 0 0 0 

n 

•- 

0 0 0 1 

! 

I 

0 0 10 

j 

,3 

0 0 11 

3 

D 

0 10 0 

1 

'-I 

0 10 1 

s 

D 

0 110 

s 

o 

0 111 



10 0 0 

o 

s 

10 0 1 

o 

S' 

10 10 

u 

- 

10 11 

o 

c 

, 1 10 0 


H 

110 1 

o' 

L 

1110 

i3 

o 

1111 

r 

(BLANK) 


92CS-33050 


DIGIT SELECTION TRUTH TABLE 


Pins 

Digit Selected 

31 

32 

33 

34 

1 

0 

0 

0 


0 

1 

0 

0 

D2 

0 

0 

1 

0 

D3 

0 

0 

0 

1 

D4 (MSD) 


DISPLAY SEGMENTS 


a 

f b 

5 

e c 


d 

92CS-3I376 


FREQUENCY jiAjmnMnnnjmr 

,20 CYCLES 

BACKPLANE I I 

INPUT/OUTPUT I I 


OFF SEGMENTS 


1^64 CYCLES -»|^64 CYCLES*j 


1 


ON SEGMENTS 


Fig. 6 - Display waveforms. 
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CMOS Four-Digit LCD 
Decoder-Drivers 

6-V Rating 


Preliminary Data 


CD22105, CD22105A 


Features 

■ 6-V supply-voltage rating 

■ No external components necessary 

■ 4-digit segment drive capability 

■ Backplane input/output allows 
synchronization for cascading 
devices to drive more digits 

■ Direct microprocessor interface 

■ Decodes binary into hexadecimal 
{CD22105) and decimal {CD22105A) 
outputs 


Applications 

■ Microprocessor-controlled digital 
meters and calculators 

■ General-purpose displays 

■ Microprocessor-controlled auto- 
motive dashboard displays 

■ Microprocessor appliance control 
panels 



The RCA-CD22105 types are non-multiplexed, four-digit, 
seven-segment, liquid-crystal display decoder-drivers. 

The CD22105 types contain all the circuitry necessary to 
drive conventional liquid-crystal displays (no external 
components required). Outputs are four sets of seven- 
segment driver signals and a backplane driver signal. The 
backplane signal, derived from an on-board free-running 
oscillator, is common to all four-digit displays. 

The backplane and segment drives are designed so that p 
and n channels have the same ON resistances and thus 
equal rise and fall times. This equality eliminates any DC 
component, thereby maximizing display life. In addition to 
feeding the internal display drivers, the backplane signal 
can also be used as a master to drive a number of slave 
devices. The number of slaved devices should be limited to 
the load that keeps the backplane rise and fall times from 
exceeding 5 ps. If this limit is to be exceeded, the master 
backplane drivers should be disabled (by connecting pin 
36, the oscillator input, to Vss) and pin 5 should be fed from 
an external oscillator and all devices slaved to it. The 
maximum frequency of the external signal should be 125 
Hz at room temperatures. 

The on-board oscillator, which operates at 16 kHz when 
free-running (pin 36 floating), provides a backplane signal 
whose frequency is approximately 125 Hz. This frequency 
can be reduced by conr\ecting an external capacitor to pin 
36. Plots of backplane frequency vs. supply voltage at 
various values of external capacitance are shown in Fig. 3. 
The oscillator may be overdriven by an external signal but 
care must be taken to keep the lower voltage level above Vss 
by at least 20 per cent of Vdd (for Vdd=5 V the signal should 
oscillate between +1 and +5 volts). This precaution prevents 
the backplane driver from being disabled, a condition that 
would present a DC component to the LCD display. A signal 
swinging from rail-to-rail can also be used to overdrive the 
oscillator but in this case the duty cycle should be such that 
the lower portion of the signal must be less than one- 
microsecond duration (the backplane disable sensing circuit 
will not respond to signals of this duration). 


A four-bit data-input latch and a two-bit select-code latch 
under the control of two chip-select Inputs permit interfacing 
with a microprocessor. This device simplifies designing a 
seven-segment display into a microprocessor system, 
without requiring extensive ROM or CPU time for decoding 
and display updating. The four-bit binary input is decoded 
by means of a PROM Into a seven-segment hexadecimal 
output forthe CD22105 type and into a decimal display for 
the CD22105A type. These types are pin-compatible with 
the Intersil ICM721 1 MIPL and ICM721 1 AMIPL, respectively. 

The CD22105 types are supplied in the 40-lead dual-in-line 
plastic (E suffix) package. 



CD22105, CD22105A 
Terminal Assignment 
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CD22105, CD22105A 

MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vdo) 

(Voltages referenced to Vss Terminal) 

INPUT VOLTAGE RANGE, ALL INPUTS 

DC INPUT CURRENT, ANY ONE INPUT* 

POWER DISSIPATION PER PACKAGE (Po): 

ForTA=-20to +60® C 

ForTA=+60 to +70® C 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta=FULL package-temperature RANGE 

OPERATING-TEMPERATURE RANGE (Ta): 

STORAGE TEMPERATURE RANGE (T.,fl) 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 In. (1.59 ± 0.79 mm) from case for 10 s max. 


’Pin 36 limited to ±5 mA. 


>0.3 to +6.5 V 

-0.3 to Vdo +0.3 V 

±10 mA 

500 mW 

Derate Linearly at 12 mW/®C to 380 mW 

100 mW 

-20 to +70® C 

55 to +1 25® C 

+265® C 


STATIC ELECTRICAL CHARACTERISTICS 

Ta=25®C, Vdd=5 V, Vss=0V 


CHARACTERISTIC 

SYMBOL 

CONDITIONS 

LIMITS 

UNITS 

B.'.IIM 

TYP. 

MAX. 

Operating Supply Voltage Range 

Vdd 

> 

o 

It 

3 

5 

6 

V 

Operating Current 

lop 

Display Operating 

-- 

10 

50 

M 

Oscillator Input Current 

loL, ioH 

Pin 36 

— 

±2 

±10 

M 

Segment Rise and Fall Time 

trs. tfa 

Cu = 200 pF 

— 

0.5 

— 

fis 

Backplane Rise and Fall Time 

trB> tfB 

Cl = 5000 pF 

— 

1.5 

— 

fJS 

Oscillator Frequency 

fosc 

Pin 36 Floating 

— 

16 

— 


Backplane Frequency 

fep 

Pin 36 Floating 

— 

125 

— 

Hz 

Input High Voltage 

V,H 


3.5 

— 

— 

V 

Input Low Voltage 

V.L 


— 

— 

1.5 

V 

Input Leakage Current 

IlL 

Pins 27-34 

— 

±0.01 

±1 

fjA 

Input Capacitance 

c, 

Pins 27-34 

— 

5 

— 

pF 

Backplane Input Leakage 

llL(BP) 

Pin 5 with Pin 36 @ Vss 

— 

±0.01 

±1 

M 

Backplane Input Capacitance 

C|(BP) 


— 



pF 


DYNAMIC ELECTRICAL CHARACTERISTICS 

Ta=25®C, Vdd=5 V, Vss=0V 


CHARACTERISTIC 

SYMBOL 

CONDITIONS 

TYP. 

VALUES 

UNITS 

Chip-Select Active Pulse Width 

tcsa 

See Timing Diagram 

100 

ns 

Data Setup Time 

tdsm 

See Timing Diagram 

50 

ns 

Data Hold Time 

tdhm 

See Timing Diagram 

25 

ns 

Inter-Chip Seiect Time 

tics 

See Timing Diagram 

1 

fJS 
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92CS-36469 

Fig. 2 - Typical operating current as a function 
of supply voltage. 



O I 2345678 
SUPPLY VOLTAGE (V J-V 

d2CS-36470 


Fig. 3 - Typical backplane frequency as a 
function of supply voltage and 
external capacitance on pin 36. 
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Tabta I — Output Codes 


Binary Input 
B3 B2 B1 BO 

Dis 

Olay 

Hexadecimal 

Decimal 

CD22105 

CD22105A 

r7 

0 

0 

0 

LI 

n 

M 

n 

ra 

HH 

1 

1 

n 

n 

n 


p 

,3 

0 

0 

1 

1 

3 

z» 

0 

1 

0 

0 

ij 

Lj 

0 

1 

0 

1 

D 

b 

0 

1 

1 

0 

O 

6 

Lo 1 1 1 

1 

1 

1 

0 

0 

0 

8 


1 

0 

0 

1 

3 

mSMS 

1 

0 


0 

13 

- 

1 

0 

1 

1 

b 


1 

1 

0 

0 

c 

H 

1 

1 

0 

1 

1 

o 


1 

1 

1 

0 


p 

1 1 1 1 1 

i" 

(BLANK) 
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CD22105, CD22105A 

CHIP-SELECT TRUTH TABLE 


Pins 

Function 

33 

34 

0 

0 

New Inputs from pP are 
written into Input latches 

0 

1 

Inputs from pP are latched 

In input latches, decoded, 
and passed through 
selected (1 of 4) output 
latch to update selected 
digit 

1 

0 

1 

1 


DIGIT SELECTION TRUTH TABLE 


Pint 

Digit Selected 

31 

32 

1 

1 

D1 (LSD) 

0 

1 

D2 

1 

0 

D3 

0 

0 

D4 (MSD) 


DISPLAY SEGMENTS 


f b 

.i~i. 


d 

92CS-3I376 


OSCILLATOR 

FREQUENCY 


iiTmjumnnMnjir 


BACKPLANE 

INPUT/OUTPUT 


OFF SEGMENTS 





64 CYCLES 64 CYCLES^ 



ON SEGMENTS 


92CS-3647I 


Fig. 6 - Display waveforms. 
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CD22301 

PCM Line Repeater 


Preliminary Data 


Features: 

■ Automatic line buildout 
m 5.1 V supply voltage 

■ Buffered output 

Applications: 

■ T1 1.544 Mbits/s bipolar carrier system 

■ T 148 2.37 Mbits/s ternary carrier system 


ALBO GROUND 

1 IB 

— SUBSTRATE 

ALBO 1 OUTPUT 

2 17 

— ALBO BIAS 

ALBO 2 OUTPUT 

3 16 

OSC BIAS 

ALBO 3 OUTPUT 

4 IS 

— LC TANK INPUT 

PREAMP INPUT + 

3 14 

— Vcc 

PREAMP INPUT 

6 13 

— CLOCK LIMITER OUTPUT 

PREAMP OUTPUT* 

7 12 

— TIMING PULSE INPUT 

PREAMP OUTPUT 

8 II 

— OUTPUT PULSE 1 

Vee — 

9 10 

— OUTPUT PULSE 2 

( 

•tCS-34>tt 

::d223oi 

TERMINAL ASSIGNMENT 


The RCA-CD22301 monolithic PCM repeater circuit is 
designed for T1 carrier systems operating with a bipolar 
pulse train of 1 .544 Mbits/s. It can also be used in the T148 
carrier system operating with a ternary pulse train of 2.37 
Mbits/s. The circuit operates from a 5.1 V ± 5 % externally 
regulated supply. 


ALSO also 

GND SUBSTRATE BIAS 


ALBO 

OUTPUTS 


The CD22301 provides active circuitry to perform all 
functions of signal equalization and amplification, automatic 
line buildout (ALBO), threshold detection, clock extraction, 
pulse timing, and buffered output formation. 

The CD22301 is supplied in an 18-lead dual-in-line plastic 
package (E suffix). 



ALBO 

DETECTOR 


CLOCK 

DFTECTOR 



Fig. 1 - Functional block diagram. 
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CD22301 


MAXIMUM RATINGS, Absolute Maximum Values: 

At ambient temperature {Ta) = 25° C 

DC SUPPLY 

DC CURRENT (Into Pin 9 or 10) 

PEAK CURRENT (Into Pin 9 orlO) 

INPUT SURGE VOLTAGE (Between Pins 5 and 6, t = 10 ms) 

OUTPUT SURGE VOLTAGE (Between Pins 10 and 11, t = 1 ms) 

POWER DISSIPATION PER PACKAGE (Pd) 

ForTA = -40to+60°C 

ForTA = +60°Cto+85°C 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

ForTA = Full Package-Temperature Range 

OPERATING TEMPERATURE RANGE (Ta) 

STORAGE TEMPERATURE (Tstg) 

LEAD TEMPERATURE (DURING SOLDERING) 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10s max. 


10V 

26 m A 

100 mA 

50 V 

50 V 

500 mW 

Derate linearly at 12 mW/®C to 200 mW 

100 mW 

-40 to +85® C 

-65to+150®C 

+256® C 


STATIC ELECTRICAL CHARACTERISTICS 
Ta = 25° C, Vcc = 5.1 V ± 5% (See Fig. 2) 


CHARACTERISTIC 

LIMITS 

UNITS 

Min. 

Typ. 

Max. 

DC VOLTAGES 





Pins 2, 3, 4 and 17 

— 

0 

0.1 

V 

Pins 5, 6, 7 and 8 

2.4 

2.9 

3.4 

V 

Pins 10 and 11 

— 

5.1 

— 

V 

Pins 12, 13, 15 and 16 

3.1 

3.6 

4.1 

V 

DC CURRENTS 





Pin 14 

- 

22 

30 

mA 

Pins 10 and 11 

— - 

0 

100 

pA 




Fig. 2 -DC and output pulse test circuit. 
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CD22301 

DYNAMIC ELECTRICAL CHARACTERISTICS 

Ta = 25® C, Vcc = 5.1 V ± 5«/o 


CHARACTERISTIC 

SYMBOL 

FIG. 

NOTE 

LIMITS 

UNITS 

MIN. 



TYP. 

MAX. 

Preamplifier Input Imedance 

Zin 

3 


20 

— 

— 

kO 

Preamplifier Output Impedance 


3 


— 


2 

kQ 

Preamplifier Gain @ 2.37 MHz 

Ao 

3 


47 


— 

dB 

Preamplifier Output Offset Voltage 

AVout 

3 

1 


0 


mV 

Clock Limiter Input Impedance 

Zin(CL) 

4 

2 

Sm 

— 

— 


ALBO Off Impedance 

ZALBO(off) 

4 

3 


— 

— 


ALBO On Impedance 

ZALBO(on) 

4 

4 

— 

— 

10 

n 

DATA Threshold Voltage 

Vth(D) 

5 

5. 8 


0.8 


V 

CLOCK Threshold Voltage 

Vth(CL) 

5 


— 


— 

V 

ALBO Threshold 

Vth(AL) 

5 

7, 8 


bb 

1.7 

V 

Vth(D) as % of Vth(AL) 




42 

45 


% 

VTH(CL)as%of Vth(AL) 




65 

70 

75 

% 

Buffer Gate Voltage (low) 

VOL 

2 

9 

0.65 

0.8 


V 

Differential Buffer Gate Voltage 

AVol 

2 

9 


0 


■■ 

Output Pulse Rise Time 

tr 

2, 6 


— 

— 

40 


Output Pulse Fall Time 

tf 


BB 

— 

— 

40 

ns 

Output Pulse Width 

tw 

ESI 





ns 

Pulse Width Differential 

Atw 

2, 6 

9, 10 

-10 

0 

10 

ns 

Clock Drive Current 

ICL 



— 

2 

— 

mA 


Notes: 

1. No signal input. Measure voltage between pins 7 and 
8. 

2. Measure clock limiter input impedance at pin 15. 

3. Adjust potentiometer for 0 volts. Measure ALBO off 
impedances from pins 2, 3 and 4 to pin 1. 

4. Increase potentiometer until voltage at pin 1 7 = 2 Vdc. 
Measure ALBO on impedances from pins 2, 3 and 4 to 
pin 1. 

5. Adjust potentiometer for AV = 0 volts. Then slowly 
Increase AV In the positive direction until pulses are 
observed at the DATA terminal. 


6. Continue increasing AV until the DC level at the clock 
terminal drops to 4 volts. 

7. Continue increasing AV until the ALBO terminal rises 
to 1 volt. 

8. Turn potentiometer in the opposite direction and 
measure negative threshold voltages by repeating 
tests outlined in notes 5, 6 and 7. 

9. Set ein = 2.75 mV(rms) at f « 1.185 MHz. Adjust 
frequency until maximum amplitude Is obtained at pin 
15. Observe output pulses at pins 10 and 11. 

10. Adjust input signal amplitude until pulses just appear 
in outputs. Increase input amplitude by three dB. 



Fig. 3 - Preamplifier gain and impedance measurement circuit. 
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CD22401 


CMOS 16-Channel Precision Timer/Driver 


Features: 

■ Provides 1 7 precision-timed output 

puises 

■ Variable output pulse width as a 

function of an external timer clock 
frequency 

■ High source current drive output 

pulses- up to 15 mA using bipolar 
drivers 

■ Serial data interface via shift 

register 

■ EP inputs provide added control 

logic flexibility for output 
selection in addition to shift 
register data 


■ Static operation- shift register and 

timers can operate at DC and still 
retain counts and data levels 

■ For multiple device use, shift 

registers can be cascaded 

■ Provides inherent serial-to-parallel 

data conversion 

■ Offers output disable capability 

using inhibit features 

■ Low power CMOS logic 

■ Input/output protection circuitry 



“E” Suffix 

40-Lead Dual-ln-Llne 
Plastic Package 

H-1892 


The RCA CD22401 is a precision timer/driver. It is an 
interface circuit and has been designed to provide critically 
timed output pulses for high-speed printers. The device is 
fabricated using CMOS enhancement-mode technology 
with the resulting low power consumption. 

The circuit consists of a 16-stage (optionally 17) shift 
register with each register output connected to a latch and 
Its respective timer and output buffer stage. Thus, there are 
17 latches, timers, and driver (output buffer) stages. The 
output driver pulse width is a function of the timer clock 
frequency, since it depends upon a fixed count in hardware. 

Data is fed serially into the shift register by means of the 
shift register clock. Then the input sequence Is strobed out 
in parallel to the shift register latch. A particular output is 
turned on (pulsed high) if the associated latch holds a logic 
“1” and when the proper enable signal Is activated. 
Simultaneously, the enable signal starts the associated 
timer which controls the output pulse width. After a time 
period of 100 negative edges of the clock (99 to 100 clock 
pulses), the output is turned off. This provides timing 
accuracy within 1%. 

The CD22401 Is supplied in the 40-lead dual-in-line plastic 
package (E suffix) and in chip form (H suffix). It is useful in 
applications requiring precision pulse widths. 

Register Operation 

In operation, a serial string of 16 (17 using the optional 
flip-flop) bits Is fed into the shift register (see Fig. 4 for shift 
register timing). Ones (“Is”) determine ah output drive 
pulse and zeros (“Os”) indicate no drive. Any one output 
enable (EP) line is connected to four selected timers giving 
the potential f or fo ur outputs per one EP pulse with the 
exception that EPS connects one timer only. EP lines may 
be connected to each other. 


After a sequence of 16 bits (or 17) is serially loaded into the 
shift register, a strobe pulse activates the latch so that the 
register data “word” is transferred out in parallel into the 
register latch. Here the data waits until an active enable 
signal combines with a “one” from any latch at which time 
the counter begins and the respective output driver goes 
high. The output will continue high until the counter 
achieves 100 negative edges. It has been assumed that the 
output Inhibit control has not been activated. The inhibit is a 
control which gates the output “OFF” and can thereby 
prevent start-up or transient situations. 

The register latch has 17 outputs each of which feeds Its 
respective timer (one timer circuit for each output from the 
register latch). Also, each timer provides access to an 
output driver. 


Timer Operation 

When the timer begins counting and the output goes high, 
the latch is held reset to prevent retriggering before the 
count is finished. 

During start-up (before reliable count operation), the timers 
need 128 clock pulses at the timer inputs to guarantee a 
reset condition before enable pulses are applied. 

After an output pulse goes low (becomes inactive), seven 
clock pulses should be applied at the timer clock input 
before any timer is retriggered by means of an enable and 
data “one” combination (repeat of another output pulse at 
same pin). 

The data and the enable pulses together control which 
combination of timers and driver stages become activated 
to produce output pulses. 
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CD22401 



NOTES: I DATA ENTERS SHIFT REGISTER AT FFI6.FFI HOLDS 
LAST BIT. FFI7 CAN BE CASCADED 
TO MAIN REGISTER AT FFI. 

2 017- DATA IN TO I- BIT REGISTER. 


Fig. 1 - CD22401 block diagram. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vdd) 

(Voltage referenced to Vss terminal ) -0.5 to 6.5 V 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to Vdd +0.5 V 

POWER DISSIPATION PER PACKAGE (Pd): 

For Ta = 0° C to 70*0 (PACKAGE TYPE E) 500 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

ForTA = FULL PACKAGE-TEMPERATURE RANGE 100 mW 

OPERATING-TEMPERATURE RANGE (Ta) 0®C to 70®C 

STORAGE-TEMPERATURE RANGE (Tstg) -65to+150®C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) from case for 10 s max +265®C 
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CD22401 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that operation is always within the 
following range: 


CHARACTERISTIC 

LIMITS 

UNITS 

Vdd 

Vss 

Supply Voltage Range (For Ta = Full Package Temperature Range) 

5 

0 

V 


STATIC ELECTRICAL CHARACTERISTICS at Ta = 25° C, Vdd = 5 V 


CHARACTERISTIC 

CONDITIONS 

LIMITS 

UNITS 

Min. 

Typ. 

Max. 

Input Low Voltage Vil 


— 

— 

0.8 

V 

Input High Voltage Vih 


mm 

— 

— 

Output Voltage Low-Level Vol 

ViN = ViH or Vil 

— 

— 

— 

loL = 0 //A * 

— 

— 


loL = 1.6 mA 4 : 

— 


IQRH 

loL = 1 mA * 

— 

— 

0.5 

Output Voltage High Level Voh 

ViN = Vih or Vil 

— 

— 

— 

loH = 0 fjA* 


— 

— 

loH = 5 mA * 

3.2 

— 

— 

loH = 10 mA * 


— 

— 

loH = 15 mA * 

2.2 

— 

— 

loH = 0 /t/A 4 : 


— 

- 


* Output Pins 23-39 
t Output Pins 8, 10 


ENABLE 

PULSE 


EP5 
EM 
EP3 
E^ 
EP! 

CLOCK TEST OUT 4 TO 
data test OUT DTO- 
BITI7 0UT BIT • 
DATA* DIT- 
BIT I OUT^BOI 
SHIFT REGISTER CLOCK SRC 
SHIFT REGISTER CLEAR CUR 
DATA I 6 BITS DIG 
STROBE IN Wf& 
TIMER CLOCK TMC • 
INHIBIT im 
JTD2 
( TDI 
TEST INPUT TGI 

vss ■ 

^NPUT TO I BIT REGISTER 
^OUTPUT OF I6 BIT REGISTER 


TEST OUTPUTS 


— 


40 

— 

— 

2 

39 

— 

— 

3 

38 

— 

— 

4 

3T 

— 

— 

5 

36 

— 

— 

6 

35 

— 

— 

T 

34 

— 

— 

8 

33 

— 

— 

9 

32 

— 

— 

lO 

3I 

— 

— 

1 1 

30 

— 

— 

I2 

29 

— 

— 

I3 

28 

— 

— 

I4 

2T 

— 

— 

I5 

26 

— 

— 

I6 

25 

— 

— 

IT 

I Q 

24 



I 0 

23 



I 9 

22 

— 

— 

20 

2i 

— 




Vdd 

QIT 
Q I 
02 

03 

04 

05 

06 
OT 
08 

09 

010 

on 

0I2 
• 0I3 

014 

015 

016 
TEI 
TBI 


NOTE: WHEN USING CD22401 
PIN 19 SHOULD BE 

TIED TO Vss (OR Vdd)- 

PINS 6,7,17,18,21, AND 
22 SHOULD BE LEFT 
OPEN. 


TEST CELL 
OUTPUT 
TEST CELL 
INPUT 


INPUT TO 16 BIT REGISTER 


92CS-3520IRI 


TERMINAL ASSIGNMENT 
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CD22401 


DYNAMIC ELECTRICAL CHARACTERISTICS At Ta = 25° C, Input tr, ti = 20 ns, Cl = SO pF 


CHARACTERJSTIC 

FIG. 

TEST CONDITIONS 

LIMITS 


Vdd(V) 

Cl 

Min. 

IQQI 


Timer Clock Frequency trrcL 

3 

5 

— 


wm 



Timer Clock Pulse Width twrci 

3 

5 

— 

500 

— 

— 

nsec 

Timer Clock Rise and Fall Time trCK, tfCK 

5 

5 

— 


— 

2 

//sec 

Output Inhibit Pulse Width twoi 

5 

6 

— 

500 

— 

— 

nsec 

I nhibit Output T urn-Off Delay tPHu 

5 

5 

50 

— 

— 

550 

nsec 

Output Turn-On Delay after 

Inhibit is OFF tPLHi 

5 

5 


B 

B 


nsec 

Enable Pulse (EP) Width twHEP 

3 

5 

— 


— 



nsec 

Transfer Strobe Pulse 

Width * twTs 

3 

5 

- 

350 

— 

B 

nsec 

Output L-H Transition Time tiiH 

5 

4.5 

50 

— 

— 

85 

nsec 

Output H-L Transition Time tiHL 

5 

4.5 

50 

— 

— 



Output Turn-On Prop. Delay Time tPiH 

5 

4.5 

50 

— 

— 


!B 

Output Turn-Off Prop. Delay Time tPHi 

5 

4.5 

50 

— 

— 

1200 

nsec 

High-Level Output Driver 

Pulse Width tout 

3 

D 


HQII 

B 

100 

Timer Clock 
Pulses 

Shift Register Input Clock 

Frequency tfSRCL 

2, 4 

5 

— 

B 

B 

2.5 

MHz 

Shift Register Clock Pulse 

Width twsRCL 

2 

5 

— 

200 

B 


nsec 

Shift Register Data Set-Up 

Time tsetup 

2 

5 

— 


B 

B 

nsec 

Shift Register Data Hold 

Time tsRHOLo 

2 

5 

— 

200 

B 

B 

nsec 

Shift Register Data Pulse 

Width twsRD 

2 

5 

— 




B 

nsec 

Shift Register Data Output 

Prop. Delay Time tPOLH 

2 

5 

50 

B 

B 

200 

nsec 

Shift Register Clear Pulse 

Width tsRCLR 

2 

5 

— 

200 

— 

- 

nsec 


* Data from shift register must be stable at time of transfer. 


673 



























































CD22401 


AC Waveforms 


I 2 3 4 5 6 7 8 9 lO II I2 I3 I4 IS I6 I7 IS 

“U LT 



BOI 

BI7 


n_ 


(a) FULL TIMING CYCLE 



BI7 



^PDLH 

EXPANDED TIMING CYCLE DETAIL 


92CL-35203RI 


SRC 


Fig. 2 - Functional timing diagram-shift registers function. 


12 IS 16 

“LAf-irLT 


* »OUT 99-100 TCK PULSES LONG 


ST 

EP 

‘WTS 






H H *WEP 





TC K 

_jTjlijiji ri 

LTI 

3 99 100 101 

1 n n n 

107 

.Tl 

! ♦WTCL— H 1*^ 


1 

1 


Tl MER 

OUT 

1 1-^ 

1 

1 

1 ' 


•^—^fTCL I 

1 1 


TIMER CLOCK IS TO EXPERI ENCE 

♦PLH 


1 

-H 

j*^ ^PHL 


128 CLK PULSES BEFORE STARTING 
touT COUNT (BEFORE EP IS ACTIVATED). 

h — ^ 

touT^ ^ 




92CM-36462 


Fig. 3 - Functional timing diagram-shift registers function. 
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PROPAGATION DELAYS ARE MEASURED 50%- 50% 


92CM-35205RI 


Fig. 5 - Functional timing diagram-shift register function detail. 
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CD22413, CD22414 Types 


Preliminary Data 


CMOS Pulse Code 
Modulation Sampled — 
Data Filters 

The RCA-CD22413 aQd CD22414 are 
sampled-data, switched-capacitor filters 
intended for use in PCM CODEC systems 
or other telecommunication systems re- 
quiring band limiting. T ransmit and receive 
filters in both devices are 5-pole elliptical 
types, operating at a sample rate of 1 28 kHz. 
In addition, the CD22413 contains a 3-pole 
Chebyshev high-pass filter in the transmit 
section that provides 50/60 Hz and 15 Hz 
rejection. Both devices also include two op- 
erational amplifiers which may be used as 
building blocks in a system. 

A 50% duty-cycle clock on the convert- 
clock input (CCI) determines the cutoff 
frequencies for the filters. The cutoff fre- 
quency (fo) is given by the equation; fo = 
0.02422 X Clock Frequency. Normally, the 
clock frequency is 128 kHz for a cutoff fre- 
quency of 3100 Hz. The master sync input 
(MSI) should be 8 kHz and have it’s low-to- 
high transition coincide with each new 
PAM sample received at Receive-Filter-ln 
(RXI). RXI wili accept 19% to 100% duty 
cycle PAM at 8 kHz. 

Timing and synchronization signals (CCI 
and MSI) may be made either TTL- or 
CMOS-compatible through use of the 
Logic-Shift Voltage (VLS) input. Specific 
input conditions are listed in the table of 
Logic-Shift-Voltage inputs. The analog 
ground (VAG) should be held at approxi- 
mately (Vdd-Vss)/2. If VAG is within one volt 
of Vdd 2 the chip will be powered down. The 
CD22413 is pin-compatible with the 
MC14413; the CD22414 is pin-compatible 
with the MC14414. 

The CD22413 and CD22414 are supplied in 
16-lead hermetic dual-in-line ceramic 
packages (D and F suffix), 16-lead dual-in- 
line plastic packages (E suffix), and chip 
form (H suffix). 


Features: 

■ Single supply {10V-16V) or dual supply operation 

■ Transmit bandpass and receive low 
pass filters (CD22413) 

■ Transmit and receive low pass filters (CD22414) 

■ 30 mW (typ.) operating power 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vdd) 

(Voltages referenced to Vss Terminal) -0.5 to +18 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vdd +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pd) 

For Ta = -40 to +60‘*C (PACKAGE TYPE E) 500 mW 

For Ta = +60 to +85*C (PACKAGE TYPE E) Derate Linearly at 12 mW/^C to 200 mW 

For Ta = -55 to +100® C (PACKAGE TYPES D, F) 500 mW 

For Ta = +100 to +125® C (PACKAGE TYPES D, F) Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta) 

PACKAGE TYPES D, F. H ....; -55 to + 125® C 

PACKAGE TYPE E -40 to +85® C 

STORAGE TEMPERATURE RANGE (Tstg) -65 to + 150® C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max + 265®C 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating conditions should be selected so that operation is 
always within the following ranges: 


CHARACTERISTIC 

Terminal 

Designation 

LIMITS 

UNITS 

Min. 

Typ. 

Max. 

DC Supply Voltage 
(For Ta = Full Package 
Temperature Range) 






Convert Clock Frequency 

CCI 

50 

128 

400 


Master Sync Frequency 

MSI 

- 

8 

32 


a'S'p 

INPUTS 


FILTER ITXI • 

INPUTsjRxr■ 
Hmsi- 
^S^ivLS. 

INPUT ' 




Txo VbufpaTS 
FrxoJ 


' Vss* 8 VAG* I 

92CS -33227 


FUNCTIONAL DIAGRAM 


VAG 
+ A 
-A 
AO 
BO 
-B 
+ B 

Vss 

TOP VIEW 

92CS-33233 


— Vdd 

— RXI 

— RXO 

— TXI 

— LPO/TXO 
“ CCI 

— MSI 

— VLS 


TERMINAL ASSIGNMENTS 



Fig. 1 - Block diagram of CD22413 and CD22414. 


676 
















CD22413, CD22414 Types 


DIGITAL ELECTRICAL CHARACTERISTICS (Vss = 0 V. Ta = 25° C) 


CHARACTERISTIC 



UNITS 




Operating Current I 

■a 

— 

2.5 

3.5 

mA 

Power-Down Current, (PDI = Vss) Ipd 

■a 

— 

10 

50 

fjA 

Input Capacitance Cin 

■a 

- 

5 

■ESI 

PF 


MODE CONTROL LOGIC LEVELS 


CHARACTERISTIC 

IQ 

H9IHH9ULiiU£flHI^II9 

UNITS 


Typ. 

Max. 

VLS Power-Down Mode 

V,H 



— 

— 

V 



19 


— 

— 


VLS TTL Mode 


19 

2 

— 

10 

V 



19 

2 

— 

13 


VLS CMOS Mode 

V,L 

19 

— 

— 


V 



19 

— 

— 



VAG Power-Down Mode 

V,H 

19 


— 

— 

V 



19 


— 

— 


VAG Analog-Ground Mode 

V,L 

19 

QQH 

— 





19 


— 




CMOS LOGIC LEVELS (VLS = Vss) 


CHARACTERISTIC 

Vdd 

Vdc 

LIMITS 

UNITS 

Min. 

Typ. 

Max. 

Input Current Iin 

CCI 

12 

_ 

±0.00001 

±0.3 

fjA 

MSI “1" Level 

(Internal Pulldown Resistors) “0” Level 

— 

— 

30 

-0.00001 

-0.3 

Input Voltage CCI, MSI 
"0” Level V,l 

12 

15 

- 

5.25 

6.75 

3.6 

4 

V 

“1” Level ViH 

12 

15 

8.4 

11 

6.75 

8.25 

— 


TTL LOGIC LEVELS (VLS = 6 V. Vss = 0 V) 


CHARACTERISTIC 

Vdd 

Vdc 

LIMITS 

UNITS 

Min. 

Typ. 

Max. 

Input Current 

ilN 






CCI 


12 

— 

±0.00001 

±0.3 


MSI 

“1” Level 

— 

— 

3 

— 

/^A 

(internal Pulldown Resistor) 

“0” Level 

— 

— 

-0.00001 

-0.3 


Input Voltage CCI, MSI 







“0” Level 

V,L 

12 

— 

— 

VLS ±0.8 

V 

“1” Level 

V,H 

12 

VLS±2 

- 

— 
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CD22413, CD22414 Types 


ANALOG ELECTRICAL CHARACTERISTICS (Vdd = 12 V, T* = 25° C) 


CHARACTERISTIC 

LIMITS 

UNITS 

Min. 

Typ. 

Max. 

Input Current, (RXI, TXl, VAG) 

IlN 

— 

±0.00001 

±0.03 

//A 

AC Input Impedance 

Z,N 





(1 kHz) (RXI, TXl, VAG) 


— 

2 

— 

MO 

Input Common Mode 

ViCR 





Voltage Range 






(TXl, RXI, +A, -A, -l-B, -B) 


1.5 

— 

10.5 

V 

Input Offset Current 

I|D 





(+A to -A, +B to -B) 


— 

±10 

— 


Input Bias Current 

ilB 




nA 

(+A, -A, +B, -B) 


— 

±0.10 

±1 


Input Offset Voltage 

V|D 





(4- A to -A, +Bto-B) 


- 

±10 

±25 

mV 

Output Voltage Range 

VoR 





(AO. BO, TXO. LPO, RXO) 






(Rl = 20 kn to VAG, Rb = “) 


1.5 

— 

10.5 

V 

(Rl = 600 n to VAG, Rb = 1.6 kO to Vqd) 

4.3 

— 

7.9 


(Rl = 900 n to VAG, Rb = 1.8 kO to Vdd) 

4 

— 

8.2 


Small Signal Output 

Zo 





Impedance (1 kHz) (TXO CD22413) 


— 

50 

— 


(LPO CD22414) 


__ 

50 

— 

0 

(RXO) 


— 

50 

— 


Output Current 






> 

II 

X 

loH 





(TXO. LPO, RXO, AO, BO) 


— 

-400 

— 

pA 

> 

II 

i 

loL 





(TXO, LPO, RXO, AO, BO) 


— 

5 

— 

mA 



Fig. 3 - Receive filter typicai and minimum per- 
formance for CD22413or CD22414 with 
sinx X correction included. 


RECEIVE FILTER SPECIFICATIONS (Vdd - Vee 12V, CCI = 128 kHz, MSI = 8 kHz. 
includes sinx x correction, Vm = 0 dBmO, full scale = +3 dBmO, 7 Vp-p, Ta = 26® C) 


CHARACTERISTIC 

CMTfS 

UNITS 

Min. 

Typ. 

Max. 

Gain (1020 Hz) 

-0.2 

0 

±0.2 


Passband Ripple 


— 

0.24 

0.3 


(50 Hz to 300 Hz) 






Out of Band Rejection 

See Note 1 




dB 

3400 Hz 


— 

-0.8 

-1.5 


4000 to 4600 Hz 


-14 

-15.5 

— 


4600 to 64 kHz 


-30 

-33 

— 


Output Noise 

See Note 2 

— 

10 

15 

dBrncO 

(RXI = VAG) 






Dynamic Range 

78 

83 

— 

dB 

Differential Group Delay 






1150 to 2300 kHz Delay 



12 

22 

AS 

1000 to 2500 kHz Delay 


_ 

25 

35 


800 to 2700 kHz Delay 


- 

31 

41 



Note 1: Referenced to passband minimum. Note 2: Referenced to 9000. 
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7Z 
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/ 
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i 

‘71 



f|,J°fNPUT FREQUENCY-'lfr 


92CS-33235 


Fig. 4 - Receive filter typical and minimum 
passband performance for CD22413 or 
CD22414. 
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CD22413, CD22414 Types 


TRANSMIT FILTER SPECIFICATIONS (Vdd-Vee = 12 V, CCI = 128 kHz 

MSI = 8 kHz, Vin = 0 dBmO, full scale = + 3 dBmO, 7 Vp-p, Ta = 25®) 




LIMITS 


CHARACTERISTIC 


Min. 

Typ. 

Max. 

UNITS 

I Gain (1020 Hz) | 

-0.15 

— 

+ 0.15 


Passband Ripple 


— 

0.22 

0.3 


(300 Hz to 3000 Hz) 






Rejection 

See Note 1 





60 Hz 

CD22413 only 

-20 

-24 

— 

dB 

180 Hz 

CD22413 only 

— 

-0.6 

-1 


3400 Hz 


— 

-0.8 

-1.5 


4000 to 4600 Hz 


-14 

-15.5 

— 


4600 to 64 kHz 


-32 

-33 

— 


Output Noise 

CD22413 

— 

— 

— 


(300 to 3400 Hz) 

CD22414 

- 

8 

12 

dBrncO 

Dynamic Range 


81 

87 

— 

dB 

(7 Vpp Max) 





Differential Group Delay 






1150 to 2300 kHz Delay 


— 

12 

22 

ps 

1000 to 2500 kHz Delay 


— 

25 

35 

800 to 2700 kHz Delay 


- 

31 

41 



Note 1: Referenced to passband minimum. 


SWITCHING CHARACTERISTICS (Vqd - Vss = 10 V, Ta = 25® C) 


CHARACTERISTIC 

LIMITS 

UNITS 

Min. 

Typ. 

Max. 

Input Rise and Fall Time, L, t( CCI, MSI 

-- 

— 

4 

fJS 

Pulse Width, twH CCI, MXI 

100 

50 

HEH 

■E9i 

Clock Pulse Frequency, fcL CCI 

50 

— 



Set Up Time, tsu 

MSI Rising Edge to CCI Rising Edge 
(CCI = 128 kHz)* 


- 

■ 



‘Specifications assume use of 50% duty cycle for clocks. 



Fig. 2 - Switching characteristics wave forms. 


LOGIC SHIFT VOLTAGE INPUTS 


VLS PIN 

LOGIC INPUT (CCI AND MSI) 

VSS < VLS < VSS + 0.8V 

VDD- 1V< VLS< VDD 

VSS + 2V < VLS < VDD - 2V 

CMOS 

POWER DOWN 

TTL (VLS + 0.8V < INPUT < VLS + 2V) 



Fig. 5 - Transmit filter typical and minimum 
performance for CD22413 or CD22414 
using Figs. 11 and 12. 
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Fig. 6 - Transmit filter typical and minimum 
passband performance for CD22413 or 
CD22414 using Figs. 11 or 12. 
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f|N°lijPUT FREQUENCY-rfi 


•2Ca-3323« 

Fig. 7 - Transmit filter typical and minimum 
passband performance for CD22414. 



Fig. 8 - Transmit filter typical and minimum 
performance for CD22414. 


679 











CD22413, CD22414 Types 



92CM-33229 


Fig. 9 - Typical circuit configuration using the CD22407 CODEC and CD22413 filter {split supply). 



I28 kHz 
RX DATA 
RX ENABLE 
DATA CLOCK 

TX DATA 
TX ENABLE 
8 kHz 

POWER DOWN 

92CM-33230 


IC PACKAGES. 


Fig. 10 ' Typical circuit configuration using the CD22407 CODEC and CD22413 filter {single supply). 



92CM- 33231 


VAG — (Analog Ground) This pin should 
be held at approximately {Vod-Vee)/ 2 . All 
analog inputs and outputs are referenced to 
this pin. if this pin is brought to within ap> 
proximately 1 V of Vdd, the chip will be po- 
wered down. 

+A Non-inverting Input of op-amp A. 

-A Inverting Input of op-amp A. 

AO Output of uncommitted op-amp A 
BO Output of uncommitted op-amp B 
-B Inverting input of op-amp B 
+B Non-Inverting input of op-amp B 

Vss This is the most negative supply pin and 
digital ground for the package. 

VLB (Logic Shift Voltage) The voltage on 
this pin determines the logic compatability 
for the CCI and MSI inputs, if VLS is within 
0.8 V of Vss. the thresholds will be for CMOS 
operating between Vqd and Vss. If VLS is 
within 1 V of Vdo, the chip will power down. 
If VLS is between Vdd - 2 V and Vss 2 V. the 
thresholds for logic inputs at CGI and MSI 
will be between VLS + 0.8 V and VLS -f 2 V 
for TTL compatability. 

CCI (Convert Clock Input) Normally, a 128 
kHz clock signal should be applied to this 
pin to operate both filters at fo = 3100 Hz. 
For other break frequencies use the follow- 
ing equation: f© = 0.02422 f clock. 

MSI (Master Sync Input) This pin should 
receive a low-to-high transition concurrent 
with each new PAM sample received at the 
receive filter input, ADI. A new transmit fil- 
ter output sample will be presented at this 
time. 

TXO (Transmit Bandpass Output — 
CD22413) This is the output of the transmit- 
bandpass filter. It Is 100% duty cycle PAM at 
8 kHz. 

LPO (Transmit Lowpass Output — 
(CD22414) This is the output of the 
transmit-lowpass filter. It is 100% duty cycle 
PAM at 128 kHz. 

TXI (Transmit Input) This is the transmlt- 
filter input. 

RXO (Receive Output) This pin is the out- 
put of the receive filter. It is 100% duty cycle 
PAM at the same frequency as the CCI pin, 
normally 128 kHz. 

RXI (Receive input) This is the receive filter 
input. It will accept 3/16 to 100% duty cycle 
PAM at 8 kHz. 

Vdd Nominally 12 volts. 

NOTE: Both VAG and VLS are high- 
impedance units. 


Fig. 11 - Filter schematic for CD22413 with 60- Hz reject filter. 







CD22413, CD22414 Types 



Cl, C2. C3 4700 pF ±1»/. 

C4 0.2 txF -20% +80% 

R 1 236 kn V«W 1% 

R2 294 kn V 4 W 1% 

R3 223 kn V 4 W 1 % 

R4 100 kn V 4 W 10 % 


R5 200 knV4W 1% 

R6 169 kn V4W 1% 

R7 24 kn V4W 1% 

RB 33 kn V.W 1% 

R9 1 . 8 knv«W 10% 

RIO 900 n ’AW 1% 

R11 900 n ’AW 1% 


92CM-33232 


Fig. 12 - Filter schematic for CD22414 with 60-Hz rejection and 900-Ci termination. 



•FILTER BLOCK DIAGRAM 



Cl, C2 

2000 pF 

-20% +80% X7R 

C3 

3900 pF 

-20% +80% X7R 

C4 

0.2 ^F 

-20% +80% X7R 

C5, C6, C7 

4700 pF 

±1% NPO 

C8, C9* 

0.1 fxF 

-20% +80% X7R 

R1 

3 k 

1% 

R2 

30 k 

1% 

R3 

24 k 

10% 

R4 

112k 

1% 

R5 

620 k 

1% 

R6 

223 k 

1% 


*C8 and C9 should be physically close to the 92CL -33219 

CD22414 and CD22407/4 respectively. 


Fig. 13 - Analog transmission test circuit for CD22414 PCM filter and CD22407 ! CD22404 PCM CODEC. 
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CD22413, CD22414 Types 


TYPICAL END TO END PERFORMANCE OF RCA CODEC & FILTER 

All measurements made using HP3779B PCM Test Set. See Fig. 13. 


SPECIFICATION 

Performance of 
CD22407/4 
CODEC & 
CD22414 Filter 

Bell System 

D3 Voice Freq. 
Requirements 
PUB 43801 

CCITT 

G7.12 

Voice Freq. 
Requirements 

Channel Saturation 

+ 3 dBmO 

±3 dBmO 

±3 dBmO 

Gain Tracking with 1 kHz tone 
+ 3 to -40 dBmO 

±0.3 dB 

<±0.5 dB 

<±0.5 dB 

-40 to -50 dBmO 

±0.6 dB 

<±1 dB 

<±1 dB 

-55 dBmO 

±2 dB 

<±3 dB 

<±3 dB 

Quantizing Distortion @ 1 kHz 
+ 3 to -30 dBmO 

37 dB 

>33 dB 

>33 dB 

-35 dBmO 

34 dB 

>30 dB 

>30 dB 

-40 dBmO 

31 dB 

>27 dB 

>27 dB 

-45 dBmO 

26 dB 

>22 dB 

>22 dB 

idie Channel Noise with 

VTX = VAG 

17 dBrncO 

<23 dBrncO 

<-64 dBmOP 

Quiet Code Noise (all Vs at 
decoder (RDD) Input) 

15 dBrncO 

<15 dBrncO 

<-75 dBmOP 

Selective Response @ 
multiples of 8 kHz 

-60 dBmO 

See Frequency 
Response 

<-50 dBmO 

Frequency Response @ 

0 dBmO input 

50 Hz gain 

-26 dB 


<-24 dB 

60 Hz gain 

-22 dB 

<-20 dB 

— 

200 to 300 Hz ripple 

45 dB 

<0.6 dB 

<1 dB 

3400 Hz gain 

-1.6 dB 

>-3 dB 

>-1.8 dB 

4000 Hz gain 

-35 dB 

<-28 dB 

<-28 dB 

>4600 Hz gain 

<-62 dB 

<-60 dB 

<-60 dB 

Single Frequency Spurious 
Response 

In band with input 1 kHz 
@ 0 dBm 

<-44 dB 

<-40 dB 

<-40 dB 

Out of band with input 0 
to 12 kHz @ 0 dBm 

<-32.5 dB 

<-28 dB ^ 

<-25 dB 

Differential Delay Distortion 

1150 to 2300 

58 fjs 

<60 A/s 

_ 

1000 to 2500 

72 ps 

<100 A/s 

— 

900 to 2700 

91 ps 

>200 A/s 1 

- 



INPUT LEVEL IdBm) REFERENCED TO 0 dBmO 
(g) I.02 kHi 

92CS-332t2 

Fig. 14 - Signal-to~noise performance for 

CD22407 and CD22414. (See Fig. 13.) 


INPUT LEVEL (dBm) REFERENCED TO 0 dBmO 
@ 1.02 kHz 

0 -40 -30^ -20 



p6's I+eT sell 

f^^ND.CCITT iz\z. SPECIFICATIONd 


RCA PERFORMANCE BAND 


1+0.5 

U 

-0.5 

L-l 



Fig. 15 - Gain tracking error for CD22407 and 
CD22414. (See Fig. 13.) 


Fig. 16 - Frequency response of CD22407 and 

CD22414 CODEC and filter. (See Fig. 13.) 
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Preliminary Data 


CD22859 Types 


CMOS 

Dual-Tone Multifrequency 
Tone Generator 

For Use in Dual-Tone Telephone 
Dialing Systems 


Features 

m Mute drivers on chip 

■ Device power can either be 
reguiated dc or telephone loop 
current 

a Use of an inexpensive 3.579545-MHz 
TV crystal provides high accuracy 
and stability for all frequencies 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY VOLTAGE RANGE (Vdd - VSS) 

INPUT VOLTAGE RANGE 

POWER DISSIPATION, Pq: 

AtTA= -40“Cto +60"C 

AtTA= +60“Cto +85 “C 

POWER DISSIPATION PER OUTPUT 

OPERATING TEMPERATURE RANGE 

LEAD TEMPERATURE DURING SOLDERING: 

At distance 1/16 ± 1/32 in. (1.59 ±0.79 mm) 

from case for 10 s max 


-O.Sto +12V 

-0.5 to Vdd + 0.5 V 

500 mW 

Derate Linearly at 12 mW/ “C to 200 rnW 

100 mW 

-40“Cto +85“C 


+ 265‘’C 


General Description 

The RCA-CD22859 is a CMOS dual-tone 
multifrequency (DTMF)tone generator for 
use in dual-tone telephone dialing 
systems. The device can easily be inter- 
faced to a standard pushbutton telephone 
keyboard, to provide enabling operation 
directly with the telephone lines. 

The CD22859 generates standard DTMF 
sinusoidal dialing tones from an on-chip 
reference crystal oscillator. The reference 
oscillator uses an inexpensive 
3.579545-MHz color TV crystal to create 
highly stable and accurate tones. The 
sinusoidal tones are digitally synthesized 
by a stair-step approximation. 

One of four low-frequency band row tones 
and one of four high-frequency band col- 
umn tones are selected by driving one of 
the four row Inputs and one of the four 
column inputs low. Simultaneous selec- 
tion of more than one row input and/or 
more than one column input will inhibit 
tone generation, or generate a single-tone 
sinusoid. These operating modes are de- 
scribed in the functional truth table. 

Control logic is included to allow easy in- 
terface to standard K500-type telephones. 
Two CMOS outputs Tx, Rx, capable of 
driving external p-n-p receiver and 
transmitter muting transistors are pro- 
vided. A low Input to the CD pin, inhibits 
tone generation, turns off the reference 
oscillator, and causes Tx and Rx outputs 
^logic ‘O’. During tone generation mode, 
CD = 1 and Tx, Rx = logic 1. 

All row, column, and CD inputs are pro- 
vided with pull-up resistors to allow the 
use of SPST switch matrixes. 

The CD22859 types are supplied in a 
16-lead hermetic dual-in-line side-brazed 
ceramic package (D suffix), and a 16-lead 
dual-in-line plastic package (E suffix), and 
in chip form (H suffix). 


DTMF Generator Functional Truth Table 


Inputs Outputs 



Number of 

Number of 






Keyboard Mode 

Column inputs 
Activated 

Row Inputs 
Activated 

CD 

Tone 

osc 

Run- 

RX 

TX 


“Low” 

Low 



ning 



X 

X 

X 

"0” 

None 

No 

“0” 

“0” 

No key de- 

0 

0 

“1” 

None 

No 

"0” 

“0” 

pressed 








0 

1 

“1” 

Dual Tone 
Ra.Ci 

Yes 

“1” 

“1” 


1,2,3, or 4 

0 

“1” 

None 

No 

“0” 

“0” 

Normal Dialing 

1 

1 

“1” 

Dual Tone 




One Key De- 
pressed (See 




Ra»Cb 

Yes 

“1” 

“1” 

Note 1) 








Two or More 

2,3, or 4 

1 

“1” 

Single Row 

Yes 

“1” 

“1” 

Keys In 




Tone 




Same Row 
(See Note 2) 




Ra 




Two or More 

1 

2,3, or 4 

“1” 

Single Column 

Yes 

“1” 

“1” 

Keys In Same 




Tone 




Column 




Cb 




Two or More 
Keys In Dif- 
ferent Rows 

2,3 or 4 

1 

“1” 

None 

Yes 

“1” 

“1” 

& Columns 

1 


1 

None 

Yes 

“1” 

“1” 



Where: 

X = Do Not Care 

Ra.Cb refers to Tone Output frequencies corresponding to Row 1, Row 2, Row 3, 
Row 4, Column 1, Column 2, (Column 3, Column 4 
a = 1,2, 3, 4 b = 1, 2,3,4 a = b, ora^^b 
Corresponds to normal dual-tone operation. 

Corresponds to single-tone generation mode. 
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CD22859 Types 


STATIC ELECTRICAL CHARACTERISTICS at Ta= -25‘’C to +60X 


CHARACTERISTIC 

Vdd 

(V) 

Vo 

(V) 

LIMITS 

UNITS 

Min. 

Max. 

Tone Outputs (Ri = 82) | 

Vo; Dual-Tone Output 

3.7-9.3 


350 

700 

mV rms 

Vo(Cl): Single-Tone 

Output, Column* 

3.7-9.3 


300 

- 

mV rms 

Vo{Rl); Single-Tone 

Output, Row** 

3.7-9.3 


260 

- 

mV rms 

Distortion (Note 1) 

3.9-9.3 


— 

10 

% 

Rise and Fall Time 
(Dual-Tone Out) (Note 2) 

3.9-9.3 


- 

5 

ms 

Pre-Emphasis (Note 3) 

3.9-9.3 


1 

3 

dB 

Output Frequency (Note 4) 

3.9-9.3 


(Nom.-1%) 

(Nom. + 1%) 

Hz 

\Mute Output Current \ 

Transmitter 

lOH (Source) 

1.7 

10 

1 

1.2 

9.5 

-0.5 

-3.4 

- 

mA 

lOL (Sink) 

10 

2.5 

— 

10 

mA 

Receiver 

lOH (Source) 

1.7 

10 

1.2 

9.5 

-0.5 

-3.4 

- 

mA 

lOL (Sink) 

10 

2.5 

- 

10 

mA 


*Two or more row inputs low, and one column input low. 
**Two or more column inputs low, and one row input low. 


band frequency tone, and Vh is the 
high-band frequency tone. 

Tone rise time is defined as the time 
for each of the 2 DTMF frequencies to 
attain 90% of full amplitude, 
measured from the time when a row 
and column signal are driven low. 
Pre-emphasis is the ratio of the high- 
group level to the low-group level. 
Refer to Fig. 1 for standard DTMF fre- 
quencies. 


1. Distortion is defined as: The ratio of 
all extraneous frequency com- 
ponents generated in the voiceband 2. 
0.5 kHz to 3 kHz, to the power of the 
dual-tone signal, measure across Rl. 

(V,2 + V22 = . ■ . + Vn2 ) 

Vl2 + Vh2 3- 

where Vi,V2, • • • Vp are extraneous 
frequency components in the voice- 
band 0.5 kHz to 3 kHz, Vl is the low- 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta= -25"C to +60X 
All voltages referenced to Vss = 0 V. 


CHARACTERISTIC 

VoD 

LIMITS 

UNITS 

Min. 

Max. 

DC Supply Voltage | 

Tone Generation Mode with 

Valid Input* 


2.5 

10 

V 

Non-Tone Generation** 


1.7 _ 

10 

1 Operating Current \ 

Tone Generation Mode 
(Outputs Unloaded) 

3.7 V 

9.3 V 


1.7 

13 

mA 

No Keydown Mode 

3.7 V 


100 

hA 

9.3 V 


200 

Input Pull-Up Current 

3-10 V 


400 

uA 

Input Low Voltage (V|l) Max. 

3-10 V 


0.2 Vdd 

V 

Tnput High Voltage (Vm) Min. 

3-10 V 

0.8 Vdd 


V 


"All logic and counters functional. 
**Mute switches remain open. 
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CD22859 Types 




Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimen- 
sions as indicated. Grid graduations are in 
mils (10-3 inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 


Dimensions and pad iayout for CD22859H chip. 





Preliminary Data 


CD40115 


CMOS High-Speed 8-Bit 
Bidirectional CMOS/TTL Interface 


Level Converter 

The RCA-CD40115 is a high-speed 8-bit 
integrated circuit designed to interface CMOS 
logic levels with TTL logic levels on the data 
bus of microprocessor-based systems. CMOS/ 
TTL interface is provided by eight parallel 
bidirectional buffer/level converters. Buffer 
INPUT/OUTPUT terminals are either inputs 
or outputs depending on the desired direction 
of data flow. A low on both the ENABLE 
and DISABLE control inputs selects the 
direction of data flow from CMOS Inputs to 
TTL Outputs. A high on both control inputs 
selects the direction of data flow from TTL 
Inputs to CMOS Outputs. A low on the 
ENABLE and a high on the DISABLE 
inhibits data flow in either direction and 
places the CMOS Outputs in a high-imped- 
ance (3-state) mode. 

The TTL Input/Output terminals and the 
ENABLE and .DISABLE control inputs are 
TTL-compatIble without the use of external 
pull-up resistors. The TTL input logic 0 to 
logic 1 transition occurs at a level of 
approximately 1.5 volts. The ENABLE and 
DISABLE inputs may be driven to the Vdd 
rail; therefore, either TTL or CMOS logic 
drivers, capable of sinking one TTL load, 
may be used to determine the direction of 
data flow. The large CMOS and TTL output 


Features: 

■ Eight inverting channels with 5\/-tO"12\/ 

or 12\/-to-5\/ level conversion 

■ Three operating modes: 

CMOS-to-TTL level conversion 
TTL-to-CMOS level conversion 
Interface off; high-impedance 
CMOS input/output 

■ Low propagation delay time: 

CMOS-to-TTL conversion — 10 ns typ. 
TTL-to-CMOS conversion — 30 ns typ. 

■ High TTL sink current — 30 mA typ. 

■ No external TTL input pull-up resistors 

required 

■ High speed drive of large data bus 

capacitances 

■ Input/output and power supply terminals 

located for ease of PC board layout 


buffers in this device have high output sink 
and source current capability and can drive 
the data bus capacitance with a transition 
time of approximately 0.1 ns/pF. This fast 
output transition time, together with the 
small propagation delay time of the device, 
allow high-speed operation. 

The CD40115 Is supplied In a 22-lead 
hermetic dual-in-line ceramic package. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE (Voltages referenced to VSS Terminal) 


-0.5 to +12.6 V 
. -0.5 to +6 V 


INPUT VOLTAGE RANGE: 

Data Inputs, CMOS to TTL .... 
Data Inputs, TTL to CMOS .... 

Enable, Disable Inputs 

POWER DISSIPATION PER PACKAGE (Pq): 


ForTA = +100to +I 25 OC 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For T^ = Full Package-Temperature Range . . . 

OPERATING TEMPERATURE RANGE (T^) . . . 

STORAGE TEMPERATURE RANGE (Tg^ ) . . . 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance of 1/16 ± 1/32 inch (1.59 ± 0.79 mm) 
from case for 10 s max. 


Derate Linearly at 12 


. . 500 mW 

mW/OC to 200 mW 


. . 100 mW 

-55 to +I 25 OC 
-65 to +150°C 



Applications: 

■ Interface CMOS microprocessor with 

TTL memories and peripheral devices 

■ Interface between and within logic 

systems which combine CMOS 
and TTL devices 



TOP VIEW 


NC«N0 CONNECTION 

92CS- 30245 


TERMINAL ASSIGNMENT 



TRUTH TABLE 


ENABLE 

DISABLE 

FUNCTION 

0 

0 

Convert CMOS Level to TTL Level 

1 

1 

Convert TTL Level to CMOS Level 

0 

1 

High Impedance (Z) 

1 

0 

Invalid* 


0 = Low Level 1 = High Level 

Z = High Impedance on CMOS Output side; TTL side are inputs. 
INVALID = Both CMOS and TTL sides are ON as outputs. 


See Operating and Handling C^snsiderations — Bypassing and 
Unused Inputs. 


* Excessively high currents from Vqq to V 55 could flow 
in this mode during power turn-on or turn-off if other 
IC's drive into the bus lines (on either the TTL or CMOS 
side). This high current condition could occur during a 
transient or steady-state invalid mode. 
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D AND E OUTPUTS ARE 
COMMON TO ALL S CHANNELS 

9ZCM-30247 


Input (Output) 

Out 

3ut (Input) 

Data 

Terminal No. 

Data 

Terminal No. 

A1 

2 

B1 

21 

A2 

3 

B2 

20 

A3 

4 

B3 

19 

A4 

5 

B4 

18 

A5 

6 

B5 

17 

A6 

7 

B6 

16 

A7 

8 

B7 

15 

A8 

9 

B8 

14 


Fig. 1 — Functional block diagram. 


STATIC ELECTRICAL CHARACTERISTICS At T^ = 25°^ Vqq = 12 V, Vqc = 5 V 


CHARACTERISTIC 

TEST CONDITIONS 

TYPICAL 

VALUES 

UNITS 

Data Flow — CMOS Inputs to TTL Outputs | 

Quiescent Device Current, 




From Vpp Supply, Ipp 


4 

mA 

From Vqq Supply, IpC 


5 

ma 

Input Current, l|(\j 

V|(y|=0,12 V; Any CMOS input 

±50 

juA 

Output Current, Iqj^ 

Voh=3 V, V,l=2V 

15 


•OL 

Vol=0.4 V, V|h=10 V 

30 


|Data Flow - TTL Inputs to CMOS Outputs | 

Quiescent Device Current, 




From Vpp Supply, Ipp 


4 

mA 

From Vqq Supply, Ipp 


5 

ma 

Input Current, ln_ 

V(L=0 to 0.7 V; Any TTL input 

-250 


•iH 

V|h= 2.3 V; Any TTL input 

-50 


Output Current, lQj_j 

Voh= 11-5 V, V|i_=0.7 V 

20 

mA 

'OL 

Vol=0.5V, V|h=2.3 V 

20 


CMOS 3-State Output Leakage 




Current, *OUT 

Vo=0,12 V, V|n=0,5 V 

±50 

ma 

[Enable and Disable Inputs | 

Input Current, l|L 

V|L=0 to 0.7 V 

-250 



V|h=2.3 V (TTL) 

-50 

ma 

‘iH 

V,h=12 V (CMOS) 

50 



DYNAMIC ELECTRICAL CHARACTERISTICS At T^ = 250c, Vpp = 12 V, Vpp = 5 V 


CHARACTERISTIC 

TEST CONDITIONS 

TYPICAL VALUES 

UNITS 

INPUT 

OUTPUT 

Cl= 50 pF 

Cl= 200 pF 

Propagation Delay Times, 

Data-In to Data-Out, 

CMOS 

TTL 

10 

15 

ns 

^PHL' tPLH 

TTL 

CMOS 

30 

40 

Enable or Disable to 






Data-Out, 



35 

ns 

tPHZ' tPZH'tpLZ'^PZL 






Transition Time, t-pHL'^TLH 

CMOS 

TTL 

10 

15 

ns 


TTL 

CMOS 

10 

15 










CD40116Types 


CMOS High-Speed 8-Bit 
Bidirectionai CMOS/TTL 
Interface Level Converter 


Features: 

■ Eight inverting channeis with conversion from Vqd to 

Vcc or Vcc to Vdd 

{4V< Vdd <i2Vand4v< Vcc < Vdd) 

■ Three operating modes: 

CMOS-to-TTL level conversion 
TTL-to-CMOS level conversion 
Interface off; high-impedance on both sides 



Vcc *22 


Functional Diagram 


The RCA-CD40116 is a high-speed 8-bit integrated circuit 
designed to interface CMOS logic levels with TTL logic 
levels on the data bus of microprocessor-based systems. 
CMOS/TTL interface is provided by eight parallel 
bidirectional buffer/level converters. Buffer 
INPUT/OUTPUT terminals are either inputs or outputs 
depending on the desired direction of data flow. 

A low level on the DISABLE input with the ENABLE input 
either high or low, permits conversion of CMOS inputs to 
TTL outputs. A high level on both the DISABLE and 
ENABLE inputs permits data flowfrom TTL inputs to CMOS 
outputs. A low level on the ENABLE input and a high level 
on the DISABLE Input sets both inputs/outputs to the hlgh- 
impedance state. 

The TTL Input/Output terminals and the ENABLE and 
DISABLE control inputs are TTL-compatible without the 
use of external pull-up resistors. The TTL input logic 0 to 
logic 1 transition occurs at a level of approximately 1 .5 volts. 
The ENABLE and DISABLE inputs may be driven to the 
Vdd rail; therefore, either TTL or CMOS logic drivers, 
capable of sinking one TTL load, may be used to determine 
the direction of data flow. The large CMOS and TTL output 
buffers in this device have high output sink and source 
current capability and can drive the data bus capacitance 
with a transition time of approximately 0.25 ns/pF. This fast 
output transition time, together with the small propagation 
delay time of the device, allow high-speed operation. 

Pin 12 is an additional Vgs Pin which is connected directly 
to the TTL-to-CMOS converters to avoid oscillation in these 
amplifiers. Pin 12 is connected to Pin 11 through a poly 
resistor which isolated Pin 12 from Vss switching noise 
(groung noise). 

The CD401 16 is supplied in a 22-lead hermetic dual-in-line 
ceramic package (D suffix), 22-lead plastic package (E 
suffix), and in chip form (H suffix). 


a Low propagation delay time: 

CMOS-to-TTL conversion - 25 ns typ. 

TTL-to-CMOS conversion - 30 ns typ. 

{Vdd= 12 V, Vcc = 5V) 

■ High TTL sink current ~ 11 mA typ. 

a No external TTL input pull-up resistors required 

■ High speed drive of large data bus capacitances 

a input/output and power supply terminals located for 
ease of PC board layout 

Applications: 

a Interface CMOS microprocessor with TTL memories 
and peripheral devices 

a Interface between and within logic systems which 
combine CMOS and TTL devices 




92CS-30245 


TERMINAL ASSIGNMENT 
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CD40116 Types 

MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE (Voltage reference to Vss Terminal) 

Vdd 

Vqq 

INPUT VOLTAGE RANGE: 

Data Inputs, CMOS to TTL 

Data Inputs, TTL to CMOS 

Enable, Disable Inputs 

POWER DISSIPATION PER PACKAGE (Pq): 

ForTA = -40®Cto + 60°C (E) 

For Ta = + 60°C to + 85°C (E) 

For Ta = -55°C to + 100®C (D) 

ForTA = + 100to + 125'’C(D) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For Ta = Full Package-Temperature Range 

OPERATING TEMPERATURE RANGE (Ta) 

Package Type D 

Package Type E 

STORAGE TEMPERATURE RANGE (Tgtg) 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance of 1/16 ± 1/32 inch (1.59 ± 0.79 mm) 
from case for 10 s max 


-0.6 to + 12.6 V* 

-0.5 to Vdd 

-0.5 to Vdd + 0.5 V 

-0.5 to VcC‘*-0.6 V 

-0.6 to Vdd + 0.5 V 

500 mW 

Derate linearly at 12 mW/® C to 200 mW 

500 mW 

Derate linearly at 12 mW/® C to 200 mW 

100 mW 

-55 to + 125®C 

-40 to + 85® C 

-65 to + 150®C 


+ 265®C 


*At 125®C Vdd should not exceed +12 V. 



TTL TYPE INPUTS 


Input (Output) 

Out 

3ut (Input) 

Data 

Terminal No. 

Data 

Terminal No. 

A1 

2 

B1 

21 

A2 

3 

B2 

20 

A3 

4 

B3 

19 

A4 

5 

B4 

18 

A5 

6 

B5 

17 

A6 

7 

B6 

16 

A7 

8 

B7 

15 

A8 

9 

B8 

14 


D AND E OUTPUTS ARE 
COMMON TO ALL 8 CHANNELS 

9ZCM-32570 


Fig. 1 - Functional block diagram. 

TRUTH TABLE 


ENABLE 

DISABLE 

FUNCTION 

X 

0 

Convert CMOS Level to TTL Level 

1 

1 

Convert TTL Level to CMOS Level 

0 

1 

High Impedance (Z) 


0 = Low Level 1 = High Level X = Don’t Care 

Z = High Impedance on both CMOS and TTL sides. 

See Operating and Handling Considerations — Bypassing and 
Unused Inputs. 
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CHARACTERISTIC 


TEST 

CONDITIONS 


Limits at Indicated Temperatures (°C) 
Values at -55, +25, +125 for D, H Packages 
Values at -40, +25, +85 for E Packages 


UNITS 




-55 

liHH 

+85 

+ 125 

1 ^^5 i 



TYP. 


Quiescent Device Current,' 

ENABLE = 1 

5 

5 

5 

5 

— 

1 

5 

mA 

From Vdd Supply, 

Idd max 

ENABLE = 0 

5 

5 

5 

5 

— ■' 

0.2 

5 


From Vcc Supply, 

■U44b!iEi!J 


100 

100 


200 

— 

5 

100 

aA 

I Data Flow — CMOS Inputs to TTL Outputs I 

Input Current, 

l|N max 

< 

z 

o 

ro 

< 

+60 

+60 

+60 

+60 

_ 

+5 

+60 

//A 



Any CMOS input 









Output Current, 

iqh min 

VOH = 3 V, 

-7.5 

-7 

-4.9 

-4.2 

-6 

-12 





V|L = 2 V 








mA 


iql min 

Vql = 0.4 V, 

7.5 

7 

4.9 

4.2 

6 

11 






V|H = 10 V 









I TTL 3-State Output Leakage 

ENABLE = 1 

-500 

-500 

-500 

-500 

— 

-250 

-500 

aA 

I Current 

IquT max I 

ENABLE = 0 

±100 

±100 

±100 

±100 

— 

±5 

±100 

aA 


Input Current, 

. I|L MAX 

V|L = 0 to 0.7 V; 

-500 

-500 

-500 

-500 


-250 

-500 



l|H MAX 

V|h = 2.3 V; 

-450 

-350 

-350 

-350 


-175 

-350 

aA 


l|H MAX 

V|H = 5V; 

+100 

+100 

+100 

+100 


+50 

+100 




Any TTL input 





IHIHii 




Output Current, 

lOH min 

VoH = 11-5 V, 

-4.3 

-4.2 

-2.9 

-2.5 

-3.5 

-6.5 

_ 




V|i_ = 0.7 V 








mA 


Iql min 

Vql = 0.5 V, 

4.3 

4.2 

2.9 

2.5 

3.5 

6.5 

_ 




V|H = 2.3 V 









CMOS 3-State Output 



±60 

+60 

±60 

±60 


±5 

±60 

fjA 

Leakage Current 

iqut max 

WBnlBEEBmM 










Enable and Disable Inputs 


•iL MAX 

V|L = 0 to 0.7 V 

-500 

-500 

-500 

-500 


-250 

-500 


Input Current, l|l_l MAX 

V|H = 2.3 (TTL) 

-450 

-350 

-350 

-350 


-175 

-350 

fjA 

•iH MAX 

V|H= 12V(CMOS) 

60 

60 

60 

60 

IBI 

5 

60 






















































































CD401 16 Types 


DYNAMIC ELECTRICAL CHARACTERISTICS AT Ta = 25° C; Vdd = 12 V, Vcc = 5 V 


CHARACTERISTIC 


Propagation Delay Times, 
Data-In to Data-Out, 

tPHL. tpLH 


Disable to TTL Out, 

tPHZ/LZ 

tPZH/ZL 


Enable to CMOS Out, 
tPHZ/LZ 
<PZH/ZL 


Transition Time, 
tTHL. tTLH 


TEST CONDITIONS 


INPUT OUTPUT 



50 pF 

Cl = 200 pF 

MAX 

TYP 

35 

35 

45 

50 

45 

30 

50 

35 







IVMBIENT TEMPERATURE (T*)«2TC 
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CD40116 Types 


DRAIN- TO -SOURCE VOLTAGE ( Vogl-V 



Fig. 7 ~ Typical P-channel output high 

{source) current characteristics - CMOS 
to TTL 


DRAIN -TO- SOURCE VOLTAGE (VqsI-V 


-5 -4 -3 -2 -I 0 



Fig. 9 - Minimum P-Channel output high 

(source) current characteristic - CMOS 
to TTL. 



Fig. 11 - Typical DATA-IN to DATA-OUT 

propagation delay as a function of load 
capacitance. 


DRAIN- TO -SOURCE VOLTAGE ( VqsJ-V 



Fig. 8 - Typical output high (source) current 
characteristics -TTL to CMOS. 


DRAIN-TO- SOURCE VOLTAGE ( Vog^-V 



Fig. 10 - Minimum output high (source) 

current characteristics - TTL to CMOS. 



92CS-34544 

Fig. 12 - Typical transition time as a function 
of load capacitance CMOS-to-TTL or 
TTL-to-CMOS. 
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CD401 16 Types 



Fig. 13 - Power dissipation as a function of 
frequency - CMOS to TTL. 



Fig. 14 - Power dissipation as a function of 
frequency - TTL to CMOS. 



92CM-34547 


The photographs and dimensions of each CMOS chip represent a Dimensions in parentheses are in miili meters and are derived from 

chip when it is part of the wafer. When the wafer is separated into the basis inch dimensions as indicated. Grid graduations are in 

individual chips, the angle of cleavage may vary with respect to mils ( 1 0'^ inch). 

the chip face for different chips. The actual dimensions of the 

isolated chip, therefore, may differ slightly from the nominal 

dimensions shown. The user should consider a tolerance of ~3 

mils to +16 mils applicable to the nominal dimensions shown. 

Dimensions and Pad Layout for CD40116H 
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High-Reliability CMOS IC’s 
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RCA High-Reliability CMOS IC’s 

MIL-M-38510 CD4000-Series CMOS IC's 


The purpose of the MIL-M-38510 program is to achieve 
standardization among integrated-circuit suppliers and to as- 
sure delivery of devices whose long-term life will satisfy the 
requirements of the system for which they are intended. Three 
reliability classes — S, B, and C — are described in 
MIL-M-38510; the screening tests for these reliability classes 
are performed according to MIL-STD-883, Method 5004. 
Class S devices are of the highest reliability level and are in- 
tended for critical applications where replacement of compo- 
nents is not practical. 

The qualification and quality conformance tests delineated 
in MIL-STD-883, Method 5005 are accelerated stress tests 
that subject devices to stress levels greater than those nor- 

RCA JAN Qualified-Parts Listing as of Jan. 1982 


mally experienced in a typical application. These tests consist 
of: Group A, Electrical; Group B, Package and Internal Me- 
chanical Strength; Group C, Indicators of Long Term Reliabil- 
ity; and Group D for package and chip. Both qualification de- 
vices and a sample of devices from the production line are 
subjected to this series of accelerated tests. The tests per- 
formed on the qualification devices are called qualification 
tests; the tests performed on production-line devices after a 
specific type has been qualified are called conformance tests. 
Electrical end-point limits for the tests are defined by 
MIL-M-3851 0 and are more demanding of CMOS than of TTL. 
DC parameters are measured at -55°C, +25°C, and -h125°C. 



RCA 

Available JAN Devices 


RCA 

Available JAN Devices | 

Detail Specification 

Type 



1 X W 

Detail Specification 

Type 



■U]U!iii^l9l 



S 

B 

Rad Si 



S 

B 

Rad Si 

MIL-M-3851 0/5001 

CD4011A 




MIL-M-38510/5701 

CD4006A 


EM 


02 

CD4012A 




02 

CD4014A 




03 

CD4023A 




03 

CD4015A 


EM 


51 

CD4011B 



P 

04 

CD4021A 


KH 


52 

CD4012B 



P 

05 

CD4031A 


A 


53 

CD4023B 



P 

06 

CD4034A 




MIL-M-38510/5101 

CD4013A 




51 

CD4006B 




02 

CD4027A 




52 

CD4014B 




03 

CD4043A 




53 

CD4015B 




51 

CD4013B 


P 


54 

CD4021B 




52 

CD4027B 




55 

CD4031B 




53 

CD4043B 




56 

CD4034B 




MIL-M-38510/5201 

CD4000A 


EM 


MIL-M-3851 0/5801 

CD4016A 




02 

CD4001A 


EH 


02 

CD4066A 




03 

CD4002A 


IH 


51 

CD4016B 




04 

CD4025A 




52 

CD4066B 




51 

CD4000B 


IH 


MIL-M-38510/5901 

CD4028A 




52 

CD4001B 


19 


51 

CD4028B 




53 

CD4b02B 


19 


MIL-M-38510/17001 

CD4081B 


EM 

A 

54 

CD4025B 


■ 


02 

CD4082B 

^99 

19 

A 

MlL-M-38510/5301 

CD4007A 




03 

CD4073B 

A 

n 

A 

02 

CD4019A 


A 


MIL-M-38510/17101 

CD4071B 

mm 

mM 


03 

CD4030A 




02 

CD4072B 

HSi 

wM 


04 

CD4048A 




03 

CD4075B 

9ii 



51 

CD4007B 




MIL-M-38510/17201 

CD4085B 

91 

A 


52 

CD4019B 




02 

CD4086B 

A 

A 


53 

CD4030B 




03 

CD4070B 

A 

mm 


54 

CD4048B 




04 

CD4077B 

A 

■■ 


MIL-M-38510/5401 

CD4008A 




MIL-M-38510/17301 

CD4514B 




51 

CD4008B 




02 

CD4515B 




MIL-M-38510/5501 

CD4009A 




03 

CD4532B 




02 

CD4010A 




04 

CD4555B 




03 

CD4049A 


A 


05 

CD4556B 




04 

CD4050A 


A 


MIL-M-38510/17401 

CD4069UB 

A 

A 

A 

05 

CD4041A 




02 

CD40107B 




51 

CD4009UB 




03 

CD4502B 

A 

A 

A 

52 

CD4010B 




04 

CD40109B 




53 

CD4049UB 


P 

p 






54 

CD4050B 


P 

p 

MlL-M-38510/17501 

CD4076B 




55 

CD4041B 


P 

p 

02 

CD4095B 









03 

CD4096B 




MIL-M-38510/5601 

CD4017A 


A 


04 

CD4098B 


A 

A 

02 

CD4018A 


A 


05 

CD40174B 




03 

CD4020A 


A 


MIL-M-38510/17601 

CD4099B 


A 

A 

04 

CD4022A 


A 


02 

CD4508B 




05 

CD4024A 


A 







51 

CD4017B 


P 

p 

MIL-M-38510/17701 

CD4093B 




52 

CD4018B 




02 

CD40106B 




53 

CD4020B 


P 

p 

MIL-M-38510/17801 

CD4067B 




54 

CD4022B 




02 

CD4097B 




55 

CD4024B 




03 

CD40257B 

9BB| 



|a = available P = proposed qual. 
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RCA High-Reliability CMOS IC’s 


Standard-Product and Special Custom High-Reliability IC’s 


RCA offers high-reliability versions of virtually its entire line of 
standard-product Integrated circuits from the CD4000 series 
of CMOS digital logic types to the CDP1800 series 
microprocessor, associated memory, and Input/output (I/O) 
types. These integrated circuits are processed and screened 
to MIL-STD-883 Class B requirements. 

RCA also offers high-reliability versions of standard- 
product types that are processed and screened to special 
customized specifications, especially for the aerospace user 


and others who procure types to Class S specifications. 

RCA maintains an extensive computer file of customer 
specifications and has the methodology required to translate 
these customized specifications Into internal RCA standards 
and factory operating procedures. In addition to the detailed 
device specifications, the computer file lists the customer 
specification number, any revision number, and the RCA cus- 
tom number assigned to a specific device type. 


RCA MiL-STD-883 Slash-Series CMOS IC’s 


RCA high-reliability slash-series CMOS products include both 
CD4000-series digital logic types and CDP1 800-series 
microprocessor and memory-system types. The CD4000- 
series parts are provided to three screening levels — /1 S, /3, 
and /3W— that correspond to MIL-STD-883, Method 5004, 
Classes S and B requirements. The CDP1 800-series parts 
are supplied to levels /3 and /3W. Equivalent aerospace level 
screening may be negotiated on a custom basis. RCA also 


supplies high-reliability chips. These chips are provided to two 
screening levels, /S (or /R for LSI types) and /M. 

RCA CD4000-series level /1S packaged devices and IS 
chips are also available in radiation-hardened versions. 
These parts are processed to either 10® or 10® rads(Si) and 
are Identified by addition of a “ Z” or a “J” suffix letter, respec- 
tively, to the device type number (see nomenclature diagram 
on following page). 


Screening Levels for RCA MIL>STD-883 Slash-Series CMOS Integrated Circuits 


Screening Levels 

Application 

Description 

RCA MIL-STD-883. 

Levels Method 5004 Format 

Packaged Devices (D, F, K, or L Suffix) 

/IS Class S with SEM Inspection and 
Condition A Precap Visual 

Inspection 

Aerospace and Missiles 

For devices intended foe use 
where maintenance and replace- 
ment are impossible and reli- 
ability is imperative 

/1R* Class S with SEM Inspection and 
Condition B Precap Visual In- 
spection (for LSI types) 

/1SJ or /1RJ* Same as /IS or /1R + Radiation 
Hardened to 10® rads(Si) 

/1SZ or /1RZ* Same as /IS or /1R + Radiation 
Hardened to 10® rads(Si) 

/3 Class B 

Military and Industrial 

For example. In Air- 
borne Electronics 

For devices intended for use 
where maintenance and replace- 
ment can be performed but are 
difficult and expensive 

/3Wt Class B with High- and Low- 
Temperature DC and Dynamic 
Testing omitted 

Chips (H Suffix) 

/S SEM Inspection and Condition A 
Visual Inspection 

Aerospace and Missiles 

For hybrid applications where 
maintenance and replacement 
are extremely difficult and 
reliability is imperative 

/R* SEM Inspection and Condition B 
Visual Inspection (for LSI 
types) 

/SJ or /RJ* Same as /S or /R + Radiation 
Hardened to 10® rads(Si) 

/SZ or /RZ* Same as /S or /R + Radiation 
Hardened to 10® rads(Si) 

/M Condition B Precap Visual 

Inspection 

Military and Industrial 

For general applications 


*/1R or /R screening is used instead of /IS Or /S screening for LSI circuits for which their large size makes the Condition A Precap Visual 
Inspection impractical. 

t /3W Screening of CDP1 800-series includes dynamic testing at 25°C. 
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RCA High-Reliability CMOS IC’s 

Nomenclature for High-^Reliability CMOS IC’s 


The type number for RCA slash-series CMOS integrated cir- 
cuits identifies not only the basic device, but also the 
screening level, package, and lead finish. The package is 
identified by addition of a suffix letter D (dual-in-line welded- 
seal ceramic), F (dual-in-line frit-seal ceramic), K (ceramic flat 
pack), or H (chips) to the basic type number. The screening 
level is identified by addition of /1 S; /1 R, /3, /3W for packaged 


devices or /S, /R, or /M for chips. A J or Z suffix to level /I S or 
IS parts Indicates radiation-hardened devices. 


Similarly, the MIL-M-38510 type number is a guide to the 
detailed electrical specification, the basic device type, the reli- 
ability class, and lead finish. 


Guide to the reliability class, package, and radiation-hardness assurance level of 
RCA high-reliability (slash-series) CMOS integrated circuits processed to 
MIL-STD-883 Format. 


CD4000BD/1 SJ 



CLASSES S AND B ARE REFERENCED TO 
MIL-STD-883 METHOD 5004. LEVEL 
/1R SCREENING IS USED INSTEAD OF 
LEVEL /IS SCREENING FOR LSI CIRCUITS 
THAT ARE SO LARGE THAT CONDITION A 
PRECAP VISUAL INSPECTION IS IMPRAC- 
TICAL. 

/3WSCREENINGOFCDP1800SERIES INCLUDES 92CM- 34476 
DYNAMIC TESTING AT >25° C. 


Guide to the reliability class, package, lead finish, radiation-hardness assurance 
level, and electrostatic sensitivity of RCA high-reliability CMOS integrated circuits 
processed in accordance with MIL-M-38510. 


JM3851 0/051 01 SCB* 



FOR REQUIREMENTS. 

PACKAGE OUTLINES Y AND Z HAVE PACKAGE “A” DIMENSION OF 100 MILS AND 
ARE IN DETAILED SPECIFICATIONS. 
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RCA High-Reliability CMOS IC’s 


High-Voltage CD4000B-Series CMOS IC’s 




No. of 




No. of 

Type No. 

Description 

Leads 


Type No. 

Description 

Leads 

CD4000B 

Dual 3-input NOR gate plus inverter 

14 


CD4066B 

Quad bilateral switch 

14 

CD4000UB 

Dual 3-input NOR gate plus inverter 

14 


CD4067B 

16-channel analog multiplexers/ 

24 

CD4001B 

Quad 2-input NOR gate 

14 



demultiplexers 


CD4001UB 

Quad 2-input NOR gate 

14 


CD4068B 

8-input NAND/AND gate 

14 

CD4002B 

Dual 4-input NOR gate 

14 


CD4069UB 

Hex inverter 

14 

CD4002UB 

Dual 4-input NOR gate 

t4 


CD4070B 

Quad exclusive-OR gate 

14 

CD4006B 

18-stage static shift register 

14 


CD4071B 

Quad 2-input OR gate 

14 

CD4007UB 

Dual complementary pair plus 

14 


CD4072B 

Dual 4-input OR gate 

14 

CD4008B 

inverter 



CD4073B 

Triple 3-input AND gate 

14 

4-bit full adder with parallel 

16 


CD4075B 

Triple 3-input OR gate 

14 

CD4009UB 

carry-out 

Hex buffer/converter (inverting) 

16 


CD4076B 

CD4077B 

4-bit "D" flip-flop (3-state outputs) 
Quad exclusive-NOR gate 

14 

14 

CD4010B 

Hex buffer/converter (non-inverting) 

16 


CD4078B 

8-input NOR/OR gate 

14 

CD4011B 

Quad 2-input NAND gate 

14 


CD4081B 

Quad 2-input AND gate 

14 

CD4011UB 

Quad 2-input NAND gate 

14 


CD4082B 

Dual 4-input AND gate 

14 

CD4012B 

CD4012UB 

Dual 4-input NAND gate 

Dual 4-input NAND gate 

14 

14 


CD4085B 

Dual 2-wide. 2-input AND/OR 
INVERT (A01) gate 

14 

CD4013B 

Dual "D’ flip-flop with set/reset 

14 


CD4086B 

Expandable 4-wide. 2-input 

14 

CD4014B 

capability 




AND/OR/INVERT (A01) gate 


8-stage static shift register 

16 


CD4089B 

Binary rate multiplier 

16 

CD4015B 

Dual 4-stage static shift register 

16 


CD4093B 

Quad 2-input NAND Schmitt 

14 

CD4016B 

Quad bilateral switch 

14 


Trigger 

S-staoe shift-and-store bus register 


CD4017B 

Decade counter/divider 

16 


CD4094B 

16 

CD4018B 

Presettable divide-by “N" counter 

16 


CD4095B 

Gated '‘J-K" flip-flop (non-inverting) 

14 

CD4019B 

Quad AND/OR select gate 

16 


CD4096B 

Gated "J-K" flip-flop (inverting 

14 

CD4020B 

14-stage Binary Ripple Counter 

16 


and non-inverting) 


CD4021B 

8-stage static shift register 

16 


CD4097B 

8-channel analog multiplexer/ 

24 

CD4022B 

Divide-by-8 counter/divider 

16 


demultiplexer 


CD4023B 

Triple 3-input NAND gate 

14 


CD4098B 

Dual monostable multivibrator 

16 

CD4023UB 

Triple 3-input NAND gate 

14 


CD4099B 

8-bit addressable latch 

16 

CD4024B 

7-stage binary ripple counter 

14 


CD4502B 

Strobed hex inverter/buffer 

16 

CD4025B 

Triple 3-input NOR gate 

14 


CD4503B 

Hex buffer (non-inverting) 

16 

CD4025UB ' 

Triple 3-input NOR gate 

14 


CD4508B 

Dual 4-bit latch 

24 

CD4026B 

Decade counter/divider 

16 


CD4510B 

Presettable 4-bit BCD up/down 

16 

CD4027B 

Dual "J-K" flip-flop with set/reset 

16 



counter 



capability 



CD4511B 

BCD-to-7-segment latch decoder/ 

16 

CD4028B 

BCD-to-decimal decoder 

16 



driver 


CD4029B 

Presettable up/down counter 

16 


CD4512B 

8-channel data selector (3-state 

16 

CD4030B 

Quad exclusive-OR gate 

14 



output) 


CD4031B 

64-stage static shift register 

16 


CD4514B 

4-bit latch/4-to-16 line decoder 

24 

CD4033B 

Decade counter/divider 

16 



(outputs low) 

24 

CD4034B 

8-stage static shift register 

24 


CD4515B 

4-bit latch/4-to-16 line decoder 

CD4035B 

4-stage parallel-in/parallel-out 

16 



(outputs low) 

16 

shift register 



CD4516B 

Presettable 4-bit binary up/down 

CD4040B 

12-stage binary ripple counter 

16 


CD4517B 

counter 

16 

CD4041UB 

Quad true/complement buffer 

14 


Dual 64-bit shift register 

CD4042B 

Quad clocked “D” latch 

16 


CD4518B 

Dual BCD up counter 

16 

CD4043B 

Quad NOR R/S latch (3-state 

16 


CD4520B 

Dual binary up counter 

16 


outputs) 



CD4527B 

BCD rate multiplier 

16 

CD4044B 

Quad NAND R/S latch (3-state 

16 


CD4532B 

8-input priority encoder 

16 


outputs) 



CD4536B 

Programmable timer 

16 

CD4045B 

21 -stage timer 

14 


CD4538B 

Dual precision monostable 

16 

CD4046B 

Micropower phase-locked loop 

16 


CD4555B 

multivibrator 

Dual 1-of-4 decoder/demultiplexer 

16 

CD4047B 

Monostable/astable multivibrator 

14 


(outputs high) 

Dual 1-of-4 decoder/demultiplexer 


CD4048B 

Multifunctional expandable 8-input 
gate (3-state output) 

16 


CD4556B 

16 

CD4049UB 

Hex buffer/converter (inverting) 

16 


CD4585B 

CD4724B 

(outputs low) 

16 

16 

CD40509 

Hex buffer/converter (non-inverting) 

16 


4-bit magnitude comparator 

8-bit addressable latch 

CD4051B 

8-channel analog multiplexer/ 

16 


CD40100B 

32-bit left/right shift register 

16 


demultiplexer 



CD40101B 

9-bit parity generator/checker 

14 

CD4052B 

4-channel analog multiplexer/ 

16 


CD40102B 

Presettable 2-decade BCD down 

16 


demultiplexer 




counter 


CD4053B 

Triple 2-channel analog multiplexer/ 

16 


CD40103B 

Presettable 8-bit binary down 

16 


demultiplexer 




counter 


CD4060B 

14-stage binary ripple counter/ 

16 


CD40104B 

4-bit bidirectional universal 

16 


divider and oscillator 




shift register 


CD4063B 

4-bit magnitude comparator 

16 


CD40105B 

4-bit X 16. word FiFo buffer register 

16 
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RCA High-Reliability CMOS IC’s 

High-Voltage CD4000B-Series CMOS IC’s (Cont’d) 


Type No. 

Description 

No. of 
Leads 

CD40163B 

Binary counter with synchronous 
clear 

16 

CD40174B 

Hex “D” flip-flop 

16 

CD40181B 

4-bit arithmetic logic unit 

24 

CD40182B 

Look-ahead-carry block 

16 

CD40192B 

Presettable 4-bit BCD up/down 
counter 

16 

CD40193B 

Presettable 4-bit binary up/down 
counter 

16 

CD40194B 

4-bit bidirectional universal 
shift register 

16 

CD40208B 

4x4 multiport register 

24 

CD40257B 

Quad 2-line-to-1-line data selector 

16 


Type No. 

Description 

na 

CD40106B 

Hex Schmitt Trigger 

■eh 

CD40107B 

Dual 2-input NAND buffer/driver 


CD40108B 

4x4 multiport register 


CD40109B 

Quad low-to-high voltage interface 


CD40110B 

Decade up/down counter/ 
decoder/latch/driver 

■n 

CD40147B 

10-line to 4-line BCD priority encoder 

16 

CD40160B 

Decade counter with asynchronous 
clear 

16 

CD40161B 

Binary counter with asynchronous 
clear 

16 

CD40162B 

Decade counter with synchronous 
clear 

16 


Note: 

RCA also offers high-reliability versions of a number of the A-series (3 to ^2\l) counterparts (CD4000A through CD4050A and CD4060A) of the 
high-voltage B-series types listed above and of several A-series types for which there are no corresponding B-series types (i.e., CD4036A and CD4039A 
RAM's, CD4057A ALU, and CD4059A programmable divide-by-N counter). 


Radiation-Resistant CD4000-Series CMOS IC’s 


RCA offers radiation-hardened CD4000-series CMOS inte- 
grated circuits capable of withstanding total ionizing radiation 
dosages of 10® rads(Si) — Z-suffix types — or 10® rads(Si) — J- 
suffix types. These radiation-hardened types are processed 
to either MIL-M-38510 Class S or MIL-STD-883 level /IS. In 
addition, these types are subjected to special process con- 
trols in which their radiation tolerance Is monitored. Samples 
are exposed to specified total radiation dosages from a Cobalt 
60 source, pre- and post-radiation measurements are made 
of threshold, threshold delta, leakage current, and go, no-go 
functional tests. 

The radiation resistance to the specified levels is verified by 
exposure of two packaged devices per wafer for SSI, MSI-1 , 
and MSI-2 types and a varied quantity of packaged devices 
per lot for LSI types, depending on their complexity. 



Typical threshold-voltage variations of RCA MEGARAD CD4000- 
series CMOS integrated circuits as a function of total-dose gamma 
radiation. 
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Dimensional Outlines 


Dual- In- Line Weided-Seal Ceramic Packages 




NOTES: 

Refer to Rules for Dimensioning (JEDEC Publication No. 95) 
for Axial Lead Product Outlines. 

1. When this device is supplied solder-dipped, the maximum lead 
thickness (narrow portion) will not exceed 0.013" (0.33 mm). 

2. Leads within 0.005" (0.12 mm) radius of True Position (TP) at 
gauge plane with maximum material condition and unit installed. 

3. e^ applies in zone L2 when unit installed. 

4. a applies to spread leads prior to installation. 

5. N is the maximum quantity of lead positions. 

6. N-j is the quantity of allowable missing leads. 



NOTES: 

Refer to Rules for Dimensioning (JEDEC Publication No. 95) 

for Axial Lead Product Outlines. 

1. When this device is supplied solder-dipped, the maximum 
lead thickness (narrow portion) will not exceed 0.013" 
(0.33 mm). 

2. Leads within 0.005" (0.12 mm) radius of True Position 
(TP) at gauge plane with maximum material condition 
and unit installed. 

3. e/\ applies in zone L 2 when unit installed. 

4. & applies to spread leads prior to installation. 

5. N is the maximum quantity of lead positions. 

6. N-j is the quantity of allowable missing leads. 

tO-5 Style Package 

(T) SUFFIX (JEDEC MO-006-AG) 

12- Lead Metal Package 



(D) SUFFIX (JEDEC MO-001-AD) 
14- Lead Dual-ln-Line Welded-Seal 
Ceramic Package 



INCHES 

NOTE 

MILLIMETERS 


MIN. 

MAX. 

MIN. 

MAX. 

A 

0.120 

0.160 


3.05 

4.08 

Al 

0.020 

0.065 


0.51 

1.65 

B 

0.014 

0.020 


0.356 

0.508 

Bl 

0.050 

0.065 


1.27 

1.65 

C 

0.008 

0.012 

1 

0.204 

0.304 

D 

0.745 

0.770 


18.93 

19.55 

E 

0.300 

0.325 


7.62 

8.25 

El 

0.240 

0.260 


6.10 

6.60 

ei 

0.100 TP 

2 

2.54 TP 

BA 

0.300 TP 

2.3 

7.62 TP 

L 

0.125 

0.150 


3.18 

3.81 

L2 

0.000 

0.030 


0.000 

0.76 

a 

00 

150 

4 

00 

150 

N 

14 

5 

14 1 

Ni 



6 


0 

Qi 

0.050 

0.085 


1.27 

2.15 

s 

0.065 

0.090 


1.66 

2.28 
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(D) SUFFIX (JEDEC MO-015-AG) 
24- Lead Dual-ln-Line Weided-Seal 
Ceramic Package 


SYMBOL 

INCHES 

NOTE 

MILLIMETERS 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.090 

0.200 


2.29 

5.08 

Al 

0.020 

0.070 


0.51 

1.78 

B 

0.015 

0.020 


0.381 

0.508 

Bl 

0.045 

0.055 


1.143 

1.397 

C 

0.008 

0.012 

1 

0.204 

0.304 

D 

1.15 

1.22 


29.21 

30.98 

E 

0.600 

0.625 


15.24 

15.87 

El 

0.480 

0.520 


12.20 

13.20 

ei 

0.100 TP 

2 

2.54 TP 

eA 

0.600 TP 

2,3 

15.24 TP 

L 

0.100 

0.180 


2.54 

4.57 

L2 

0.000 

0.030 


0.00 

0.76 

a 

0° 

150 

4 

0° 

150 

N 

24 

5 

24 

Ni 


3 

6 


3 

Ql 

0.020 

0.080 


0.51 

2.03 

s 

0.020 

0.060 


0.51 

1.52 
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SYMBOL 

INCHES 

NOTE 

MILLIMETERS 


MIN. 1 MAX. 

a 

0.230 

2 

5.84 TP 

Al 

0 

» 


0 

0 

A2 




4.19 

4.70 

0B 

OQQ 


■ai 

0.407 

0.482 

<f)Bi 

imsHi 


Hi 

0 

0 

002 


issi 

3 

0.407 

0.533 

0D 




8.51 

9.39 

0Di 


BES3 


7.75 

8.50 

El 


0.040 


0.51 

1.01 

j 

■mVi:! 

0.034 


0.712 

0.863 

k 

0.029 


iHDI 

0.74 

1.14 

Li 

0.000 


BEB 

0.00 

1.27 

L2 

0.250 

0.500 


6.4 

12.7 

L 3 

HjljMJI 



12.7 

14.27 

a 



30" TP 

ivi 

12 


12 

Ni 

1 

\mm 
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(D) SUFFIX (JEDEC MO-001-AE) 
16-Lead Dual-ln-Line Weided-Seal 
Ceramic Package 


SYMBOL 

1 INCHES 

NOTE 

MILLIMETERS 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.120 

0.160 


3.05 

4.06 

Al 

0.020 

0.065 


0.51 

1.65 

B 

0.014 

0.020 


0.356 

0.508 

Bl 

0.035 

0.065 


0.89 

1.65 

C 

0.008 

0.012 

1 

0.204 

0.304 

D 

0.745 

0.785 


18.93 

19.93 

E 

0.300 

0.325 


7.62 

8.25 

El 

0.240 

0.260 


6.10 

6.60 

ei 

0.100 TP 

2 

2.54 TP 

^A 

0.300 TP 

2,3 

7.62 TP 

L 

0.125 

0.150 


3.18 

3.81 

^2 

0.000 

0.030 


0.000 

0.76 

a 

0° 

15° 

4 

0° 

15° 

N 

16 

5 

16 1 

Ml 


0 

6 


0 

Ql 

0.050 

0.085 


1.27 

2.15 

S 

0.015 

0.060 


0.39 

1.52 
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(D) SUFFIX (JEDEC MO-015-AH) 
28- Lead Dual-ln-Line Welded-Seal 
Ceramic Package 


SYMBOL 

INCHES 

NOTE 

MILLIMETERS 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.090 

0.200 


2.29 

5 

Al 

0 

0.070 

2 

0 

1.77 

B 

0.015 

0.020 


0.381 

0.508 


0.015 

0.055 


0.39 

1.39 

c 

0.008 

0.012 

1 

0.204 

0.304 

D 

1.380 

1.420 


35.06 

36.06 

E 

0.600 

0.625 


15.24 

15.87 

El 

0.485 

0.515 


12.32 

13.08 

ei 

0.100 TP 

2 

2.5 

4TF 

eA 

0.600 TP 

2,3 

15.24 TP 

L 

0.100 

0.200 



—5 

L2 

0 

0.030 


0 

0.76 

a 

0« 

150 

4 

00 

150 

N 

28 

5 

28 

Ni 



6 

G 


Ql 

0.020 

0.070 


0.51 

1.77 

S 

0.040 

0.070 


1.02 

1.77 


92CM-20250R2 


NOTES: 

1. Refer to Rules for Dimensioning Axial Lead Product Out- 
lines. 

2. Leads at gauge plane within 0.007" (0.178 mm) radius of 
True Position (TP) at maximum material condition. 

3. 08 applies between Li and L 2 . 0 B 2 applies between L 2 
and 0.500" (12.70 mm) from seating plane. Diameter is 
uncontrolled in Li and beyond 0.500" (12.70 mm). 

4. Measure from Max. 0D. 

5. Ni is the quantity of allowable missing leads. 

6. N is the maximum quantity of lead positions. 
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)ual-ln-Line Plastic and Frit-Seal Ceramic Packages 


E) SUFFIX (JEDECMO-001-AN) 
t-Lead Dual- In- Line Plastic 
Mini-DIP) Package 



SYMBOL 

INCHES 

NOTE 

MILLIMETERS | 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.155 

0.200 


3.94 

5.08 

Al 

0.020 

0.050 


0.508 

1.27 

B 

0.014 

0.020 


0.356 

0.508 

Bl 

0.035 

0.065 


0.889 

1.65 

C 

0.008 

0.012 

1 

0.203 

0.304 

0 

0.370 

0.400 


9.40 

10.16 

E 

0.300 

0.325 


7.62 

8.25 

El 

0.240 

0.260 


6.10 

6.60 

ei 

0.100 TP 

2 

2.54 TP 

eA 

0.300 TP 

2,3 

7.62 TP 

L 

0.125 

0.150 


3.18 

3.81 

•-2 

0.000 

0.030 


0.000 

0.762 

a 

0 

15 

4 

0 

15 

N 


3 

5 


8 

Ni 


9 

6 


0 

Qi 

0.040 

0.075 


1.02 

1.90 

s 

0.015 

0.060 


0.381 

1.52 


NOTES; 

Refer to Rules for Dimensioning {JEDEC Publication No. 95) 
for Axial Lead Product Outlines. 

1. When this device is supplied solder -dipped, the maximum lead 
thickness (narrow portion) will not exceed 0.013". 

2 . Leads within 0.005" (0.12 mm) radius of True Position (TP) at 
guage plane with maximum material condition and unit installed. 

3. e^ applies in zone L 2 when unit installed. 

4. a applies to spread leads prior to installation. 

5. N is the maximum quantity of lead positions. 

6. N-] is the quantity of allowable missing leads. 


92CS- 24026 Rl 












Dimensional Outlines (Cont’d) 


Dual-In-Line Plastic and Frit-Seal Ceramic Packages (Cont’d) 



(E) and (F) SUFFIXES (JEDEC MO-001-AB) 
14- Lead Dual-In- Line Plastic or 
Frit-Seat Ceramic Package 


NOTES: 

Refer to Rules for Dimensioning (JEDEC Publication No. 95) 

for Axial Lead Product Outlines. 

1. When this device is supplied solder-dipped, the maximum lead 
thickness (narrow portion) will not exceed 0.013" (0.33 mm). 

2. Leads within 0.005" (0.12 mm) radius of True Position (TP) 
at gauge plane with maximum material condition and unit 
installed. 

3. e/\ applies in zone L 2 when unit installed. 

4. a applies to spread leads prior to installation. 

5. N is the maximum quantity of lead positions. 

6. N-] is the quantity of allowable missing leads. 


SYMBOL 

INCHES 

NOTE 

MILLIMETERS 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.155 

0.200 


3.94 

5.08 

Al 

0.020 

0.050 


0.51 

1.27 

B 

0.014 

0.020 


0.356 

0.508 

Bl 

0.050 

0.065 


1.27 

1.65 

C 

0.008 

0.012 

1 

0.204 

0.304 

D 

0.745 

0.770 


18.93 

19.55 

E 

0.300 

0.325 


7.62 

8.25 

El 

0.240 

0.260 


6.10 

6 60 

ei 

0.100 TP 

2 

2.54 TP 

eA 

0.300 TP 

2.3 

7.62 TP 

L 

0.125 

0.150 


3.18 

3.81 

L2 

0.000 

0.030 


0.000 

0.76 

a 

00 

150 

4 

00 

150 

N 

14 

5 

14 

Nl 


0 

6 


0 

Qi 

0.040 

0.075 


1.02 

1.90 

s 

0.065 

0.090 


1.66 

2.28 


(E) SUFFIX 
18-Lead Dual-ln-Une 
Plaetic Package 


SYMBOL 

INCHES 

NOTE 

MILLIMETERS ' 


MIN. 

MAX. 


MIN. 

MAX. 

A. 

0.155 

0.200 


3.94 

5.08 

Al 

0.020 

0.050 


0.508 

1.27 

B 

0.014 

0.020 


0.356 

0.508 

Bl 

0.035 

0.065 


0.89 

1.65 

C 

0.008 

0.012 

1 

0.204 

0.304 

D 

0.845 

0.885 


21.47 

22.47 

El 

0.240 

0.260 


6.10 

6.60 

ei 

0.100 TP 

2 

2.54 TP 

eA 

0.300 TP 

2.3 

7.62 TP 

L 

0.125 

0.150 


3.18 

3.81 

a 

0° 

15° 

4 

0° 

15° 

N 

18 

5 

18 

Ni 

G 


6 



S 

0.015 

0.060 


0.39 

1.52 


92CS-30630 



NpTES: 

Refer to Rules for Dimensioning (JEDEC Publication No. 95) 
for Axial Lead Product Outlines. 

1. When this device is supplied solder-dipped, the maximum lead 
thickness (narrow portion) will not exceed 0.013". 

2. Leads within 0.005" (0.12 mm) radius of True Position (TP) at 
guage plane with maximum material condition and unit installed 

3. e/\ applies in zone L2 when unit installed. 

4. a applies to spread leads prior to installation. 

5. N is the maximum quantity of lead positions. 

6. Ni is the quantity of allowable missing leads. 


(E) SUFFIX 

22- Lead Duat-ln-Line 

Plastic Package 


SYMBOL 

im 

1£S 

NOTE 

MILLIN 

1ETERS 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.155 

0.200 


3.94 

5.08 

Al 

0.020 

0.050 


0.508 

1.27 

B 

0.015 

0.020 


0.381 

0.508 

Bl 

0.035 

0.065 


0.89 

1.65 

C 

D 

0.008 

0.012 

1.120 

1 

0.204 

0.304 

28.44 

E 

0.390 

0.420 


9.91 

10.66 

E, 

0.345 

0.355 


8.77 

9.01 

ei 

0.100 TP 

2 

2.54 TP 

eA 

0.400 TP 

2,3 

10.16 TP 

L 

0.125 

0.150 


3.18 

3.81 

L2 

0 

0.030 


0 

0.762 

a 

20 

150 

4 

20 

150 

N 

22 

5 

22 

Ni 



6 


0 

Qi 

0.055 

0.085 


T40 

2.15 

^ 1 

0.015 

0.060 


0.381 

1.27 


92CS-30830 


(E) and (F) SUFFIXES (JEDEC MO-015-AA) 

24-Lead Dual-In-Line Plastic or 

Frit-Seal Ceramic Package _ 


SYMBOL 

INCHES 


MILLIMETERS 1 

MIN. 

MAX. 


MIN. 

MAX. 

A 

0.120 

0.250 


3.10 

6.30 

Al 

0.020 

0.070 


0.51 

1.77 

B 

0.016 

0.020 


0.407 

0.508 

Bl 

0.028 

0.070 


0.72 

1.77 

C 

0.008 

0.012 

1 

0.204 

0.304 

D 

1.20 

1.29 


30.48 

32.76 

E 

0.600 

0.625 


15.24 

15.87 

El 

0.515 

0.580 


13.09 

14.73 

ei 

0.100 TP 

2 

2.54 TP 

eA 

0.600 TP 

2,3 

15.24 TP 

L 

0.100 

0.200 


2.54 

5.00 

L2 

0.000 

0.030 


0.00 

0.76 

a 

00 

150 

4 

00 

150 

N 

24 

5 

24 

Nl 


D 

6 

C 


Qi 

0.040 

0.075 


1.02 

1.90 

S 

0.040 

0.100 


1.02 

2.54 
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(E) and (F) SUFFIXES (JEDEC MO-001-AC) 
16- Lead Dual-In-Line Plastic or 
Frit-Seal Ceramic Package 


SYMBOL 

INCHES 

NOTE 

MILLIMETERS 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.155 

0.200 


3.94 

5.08 

Al 

0.020 

0.050 


0.51 

1.27 

B 

0.014 

0.020 


0.356 

0.508 

Bl 

0.035 

0.065 


0.89 

1.65 

C 

0.008 

0.012 

1 

0.204 

0.304 

D 

0.745 

0.785 


18.93 

19.93 

E 

0.300 

0.325 


7.62 

8.25 

El 

0.240 

0.260 


6.10 

6.60 

ei 

0.100 TP 

2 

2.54 TP 

SA 

0.300 TP 

2. 3 

7.62 TP 

L 

0.125 

0.150 


3.18 

3.81 

■-2 

0.000 

0.030 


0.000 

0.76 

a 

^0° 

150 

4 

0° 

15° 

N 

16 

5 

16 1 

Nl 


0 

6 


0 

Qi 

0.040 

0.075 


1.02 

1.90 

S 

0.015 

0.060 


0.39 

1.52 


09riLI- I 

(F) SUFFIX (JEDEC MO-001-AG) 

16- Lead Dual- In- Line 
Frit-Seal Ceramic Package 


SYMBOL 

INCHES 

NOTE 

MILLIMETERS 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.165 

0.210 


4.20 

5.33 

Al 

0.015 

0.045 


0.381 

1.14 

B 

0.015 

0.020 


0.381 

0.508 

Bl 

0.045 

0.070 


1.15 

1.77 

C 

0.009 

0.011 

1 

0.229 

0.279 

D 

0.750 

0.795 


19.05 

20.19 

E 

0.295 

0.325 


7.50 

8.25 

El 

0.245 

0.300 


6.23 

7.62 

ei 

0.100 TP 

2 

2.54 TP 

eA 

0.300 TP 

2.3 

7.62 TP 

L 

0.120 

0.160 


3.05 

4.06 

1-2 

0.000 

0.030 


0.000 

0.76 

a 

20 

150 

4 

20 

150 

N 


16 

5 

16 

Nl 


0 

6 


3 

Qi 

0.050 

0.080 


1.27 

2.03 

s 

0.010 

0.060 


0.254 

1.52 
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(E) SUFFIX 

40- Lead Dual-In- Line 

Plastic Package 


SYMBOL 

INC 

HES 


MILLliy 

lETERS 

MIN. 

MAX. 

NOTE 

MIN. 

MAX. 

A 

0.120 

0.250 


3.10 

6.30 

Al 

0.020 

0.070 


0.51 

1.77 

B 

0.016 

0.020 


0.407 

0.508 

Bl 

0.028 

0.070 


0.72 

1.77 

C 

0.008 

0.012 

1 

0.204 

0.304 

D 

2.000 

2.090 


50.80 

53.09 

El 

0.515 

0.580 


13.09 

14.73 

ei 

O.K 

IOTP 

2 

2.54 

TP 

eA 

0.600 TP 

2,3 

15.24 TP 1 

L 

0.100 

0.200 


2.54 

5.00 

L2 

0.000 

0.030 


0.00 

0.76 

a 

0° 

15° 

4 

0° 

150~ 

N 

40 

5 

40 

Nl 


0 

6 

C 


Qi 

0.065 

0.095 


1.66 

2.41 

s 

0.040 

0.100 


1.02 

2.54 


92CS-30959 
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Dimensional Outlines (Cont’d) 


Ceramic Flat Packs 

(K) SUFFIX (JEDEC MO-004-AF) 
14-Lead 



PLANE 


NOTES: 

1. Refer to JEDEC Publication No. 95 for Rules for 
Dimensioning Peripheral Lead Outlines. 

2. Leads within 0.005" (0.12 mm) radius of True 
Position (TP) at maximum material condition. 

3. N is the maximum quantity of lead positions. 

4. Z and Z^ determine a zone within which all body 
and lead irregularities lie. 


(K) SUFFIX (JEDEC MO-004-AG) (K) SUFFIX (K) SUFFIX 

16-Lead 24-Lead 28-Lead 
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Application Notes 
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Timekeeping Advances 
Through COS/MOS Technology 

by S.S. Eaton 


Most COS/MOS timing circuits consist of three basic 
parts: an oscillator, or main timing standard; some digital 
processing logic, usually in the form of frequency-dividing 
circuits; and logic-circuit drivers for mechanical or electrical 
output devices controlled by the digital processing logic. The 
oscillator is perhaps the most important because the accuracy 
of the total COS/MOS timing system is entirely dependent 
upon the accuracy of the oscillator. This Note discusses basic 
oscillator design considerations, practical COS/MOS oscil- 
lator circuits, and some typical COS/MOS timing-circuit 
applications. 

BASIC OSCILLATOR DESIGN CONSIDERATIONS 

A basic oscillator circuit consists of an amplifier and a 
feedback section, as shown in Fig. 1. For oscillation to occur, 
the gain of the amplifier times the attenuation of the 
feedback network must be greater than one. In addition, the 
total phase shift through the amplifier and feedback network 
must be equal to n times 360 degrees, where n is an integer. 
These conditions imply that oscillations occur in any system 
in which an amplified signal is returned in phase to the 
amplifier input after being attenuated less than it was 
originally amplified. In such a system, any noise present at 



92CS-20S0S 


Fig. 1— Basic oscillator circuit. 


the amplifier input causes oscillation to build up at a rate 
determined by the loop gain, or product, of the over-all 
circuit. 

The frequency stability of an oscillator is primarily 
dependent upon the phase-changing properties of the 
feedback network. For high stability, quartz crystals and 
tuning forks are commonly used as feedback network 
elements. The quartz crystal is the more popular because of 
its higher Q or greater inherent frequency stability. 

Selection of Crystal Operating Mode 

Fig. 2 shows the equivalent circuit of a quartz crystal, 
and Table I lists typical component values of the elements 
included in the equivalent circuit for different crystal cuts 
and operating frequencies. The basic circuit can be resolved 
into equivalent resistive (Re) and reactive (Xe) components. 
Fig. 3 shows curves of these components as functions of 
frequency for a typical 32.768-kHz crystal. Fig. 3(b) shows 
two points at which the crystal appears purely resistive, (i.e., 
points at which Xe = 0). These points are defined as the 
resonant (fj) and antiresonant (fa) frequencies. Series- 
resonant oscillator circuits are designed to oscillate at or near 
ff. Parallel-rcFonant circuits oscillate between fj and fa, 
depending upon the value of a parallel loading capacitor, as 
discussed later. In contrast to series-resonant circuits, parallel 
resonant-circuits work best with amplifiers that have high 
input impedances. The parallel-resonant circuit, therefore, is 
most applicable to crystal oscillators that employ COS/MOS 
amplifiers.^ 


Feedback-Circuit Configuration 

A feedback circuit suitable for use with a parallel- 
resonant oscillator circuit is shown in Fig. 4. This circuit, 
known as a crystal pi network, is intended for use after an 
amplifier that provides a 180-degree phase shift. The pi 
network is designed to provide the additional 180-degree 
phase shift required for oscillation. The phase angle for this 
type of feedback circuit is extremely sensitive to a change in 
frequency, a condition necessary for stable oscillation. If the 
equivalent resistance of the crystal were in fact zero (infinite 



Co 

92 CS- 20506 

Fig. 2— Equivalent circuit for a quartz crystal. 


Table I — Typical Component Values for Common Cuts 
of Quartz Oscillator Crystals 


FREQUENCY 

32 kHz 

280 kHz 

525 kHz 

2MHz 

Cut 

XY Bar 

DT 

DT 

AT 

Rs (ohms) 

40K 

1820 

1400 

82 

L(Hv) 

4800 

25.9 

12.7 

0.52 

Cl (pF) 

0,00491 

0.0125 

0.00724 

0.0122 

Co (pF) 

2.85 

5.62 

3.44 

4.27 

Co/Ci 

580 

450 

475 

350 

Q 

25000 

25000 

30000 

800 oF 


Q), a change in the phase angle of the feedback circuit would 
not cause any change in oscillator frequency; the frequency, 
therefore, would be insensitive to any phase change in the 
amplifier. Though practical crystals allow only a slight 
change in frequency for large variations in phase angle, the 
amplifier phase angle should, to the extent possible, be made 
independent of temperature and supply-voltage variations in 
order to minimize the phase compensation required of the 
feedback network. Any required phase compensation will, of 
course, dictate a corresponding change in the frequency of 
oscillation consistent with practical values of crystal Q. For 
this reason, the equivalent resistance of the crystal should be 
maintained as low as possible, and the amplifier should be 
designed to roll off at frequencies greater than the crystal 
frequency. 

Oscillator Amplifier 

Fig. 5 shows a COS/MOS amplifier circuit that may be 
used to provide the amplification function in a crystal- 
controlled oscillator. The amplifier is biased so that the 
output voltage VoUT >5 equal to the input voltage Vin or 
typically is equal to one-half the supply voltage Vdd» 0-®-* 
^OUT = VjN = Vdd/ 2). Biasing is accomplished by means 
of a resistor that has a value high enough to prevent loading 
of the feedback network, yet that is low in comparison to 
the amplifier input resistance. Resistor values of 10 to 500 
megohms will satisfy these criteria; however, lower values in 
the order of 15 megohms are generally used to allow greater 
input leakage without any severe change in bias point. The 
gain of the amplifier varies with supply voltage, the size of 
the n- and p-channel MOS transistors, and the sum of the 
threshold voltages of the n- and p-channel transistors. When 
an oscillator amplifier is designed to roll off at frequencies 
greater than the crystal frequency, care must be taken to 


assure that the transistor sizes are large enough for the 
particular supply voltage used and range of threshold voltages 
expected. For any circuit, though, the sum of the threshold 
voltages of the n- and p-channel transistors must always be 
less than the supply voltage. 

The oscillator amplifier governs, to a certain extent, the 
selection of the components for the feedback network. The 
amplifier current consumption is strongly dependent upon 
the attenuation across the feedback network. As the 
attenuation becomes greater, the signal at the amplifier input 
becomes smaller, which, in turn, increases the amplifier 
current consumption. Large voltage swings at the amplifier 
input cause little current to flow because the resistance of 
either the n- or p-channel transistor is high during a large 
portion of the cycle. On the basis of power considerations, 
it is best to design the feedback network for a small attenu- 
ation. 




92CS-20500 

Fig. 3— Impedance characteristics of a quartz oscillator 
crystal: (a) equivalent crystal resistance as a 
function of frequency: (b) equivalent crystal 
reactance as a function of frequency. 
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Fig. 4— Crystal pi-type feedback network. 



Fig. 5— COS/MOS amplifier. 
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Equivalent Crystal Resistance 

The equivalent resistance Rj of the crystal should be 
maintained as small as possible in order to obtain minimum 
attenuation across the feedback network. For any given 
circuit, the oscillator current always increases with a rise in 
crystal resistance. This factor and stability considerations 
provide strong arguments for the purchase of crystals that 
have low series resistance, althougli the usual cost tradeoffs 
prevail. 

Crystal Load Capacitance 

Another factor that influences the over-all power 
consumption is the size of the pi-network capacitor at the 
amplifier output. For minimum current consumption, this 
capacitor, obviously, should be kept small. This condition, 
however, does not always imply higli frequency stability. The 
choice of the capacitor value first involves a determination of 
the over-all crystal load capacitance. The phase angle of the 
feedback network approaches 180 degrees when the crystal 
equivalent reactive component Xg is equal to the reactance 
(XCl) of 3 capacitor placed in parallel with the crystal. 
Fig. 4 shows that the effective capacitance across the crystal 
consists of the two pi-network capacitors in series. If the 
value of the equivalent reactance Xe at the crystal frequency, 
as may be determined from Fig. 3(b), is equal to the value of 
the crystal load capacitance Cl, then the equivalent value 
of the two series-connected pi-network capacitors can be 
calculated from the following relationship: 

CL=l/ooXe (1) 

The value of the load capacitance Cl. in general, is chosen 
first, and the crystal manufacturer is required to cut the 
crystal to oscillate at the desired frequency for the specified 
value of load capacitance. 

The choice of a load capacitance is important in terms of 
over-all power consumption and frequency stability. Higlier 
values of Cl generally improve frequency stability, but also 
increase power dissipation. The timing industry presently 
seems to have standardized on values of Cl between 10 and 
20 picofarads. 

The choice of the total equivalent load capacitance Cl 
only fixes the series sum of the two pi-network capacitors. 
The individual capacitors themselves can be found from the 
following equations: 


CT=4CL/(l-5fReCL) 

(2) 

Cs = 4 Cl/( 3 + 5fReCL) 

(3) 


The actual value of Cs used in the feedback circuit 
should be about 3 picofarads less than the calculated value to 
allow for the amplifier input capacitance. The value of the 
amplifier output capacitor Cj should not normally be fixed. 
A trimmer capacitor should be placed in parallel with, or 
used in place of, a fixed output capacitor to allow for 
variations in stray capacitance and circuit components. The 
mid-range value of the output capacitor combination should 
be equal to the calculated value of Cx- 

Frequency-Trimming Capability 

The required capacitance range for the oscillator trimmer 
capacitor is determined by the variation in oscillation 
frequency with a change in load capacitance. 2 The total 
frequency-trimming range of a crystal-controlled oscillator 
circuit is mainly a function of the crystal characteristics, or 
more explicity, is inversely proportional to the slope of the 
crystal reactance curve, shown in Fig. 3(b). The slope of this 
curve is a function of the difference between the resonant 
frequency ff and the antiresonant frequency fa. This 
frequency difference, in turn, is a function of the crystal 
capacitance ratio Cq/Ci, where Co and Ci are the inherent 
shunt and series capacitances, respectively, of the crystal 
structure, as shown in Fig. 2. The slope of the reactance 
curve is also a function of the total external crystal load 
capacitance Cl- As shown in Fig. 3(b), this slope decreases as 
the equivalent reactance increases, (i.e., for smaller values of 
the capacitance Cl)- Fig. 6 and Table 11 show trimming-range 
data for a typical 32.768-kHz crystal that has a capacitance 
ratio Co/Cl of 580. These data show that smaller values of 
load capacitance result in greater trimming-range capability. 


Temperature Stability 

Anotlier important oscillator consideration is tempera- 
ture stability. Most crystals have a negative parabolic 
temperature coefficient. 2 Fig. 7 shows a typical curve of the 
variation in crystal frequency as a function of temperatur*', 
The frequency of the total oscillator circuit also exhibits a 
similar temperature dependence. Temperature compensation 
of the over-all oscillator circuit can be achieved by use of a 
capacitor that has a positive parabolic temperature coef- 
ficient in the pi feedback network.^ For comparison. Fig. 7 
also shows a typical resultant curve for the over-all circuit. 

The temperature characteristics of a crystal are deter- 
mined to a large extent by the crystal cut. Popular 
low-frequency cuts include the NT and XY Bar. The XY Bar 
is the more popular of the two types because it can be made 
smaller for a given Q and is easier to trim. The disadvantage 
of a sliglitly lower shock resistance of XY Bar crystals is 
compensated by the superior aging chacteristics of this type. 
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Fig. 6- Frequency as a function of toad capacitance for a 
typical 32 kHz crystal. 

AT-cut crystals, when used at frequencies greater than 1 MHz, 
are characterized by excellent temperature stability and 
ruggedness. Temperature characteristics for this type of 
crystal cut as well as for the XY Bar and NT types are shown 
in Fig. 8. 

Crystal Dimensions 

Size is also an important consideration in the design of 
oscillator crystals. The length of quartz required for any 
given cut is inversely proportional to the square root of 
frequency. Dimensions for a typical packaged 32-kHz, XY 
Bar crystal are 0.6 inch by 0.2 inch by 0. 1 1 inch. The 
smallest XY Bar crystals currently available have dimensions 
in the order of 0.53 inch by 0.2 inch by 0.1 1 inch. A 1-MHz 
AT-cut crystal is significantly larger; however, dimensions 
again decrease with frequency. Crystal manufacturers are 
currently working to develop wristwatch-size AT-cut crystals 
with the anticipation of circuit improvements that will allow 
low-current operation at high frequencies. 

Crystal Shock Resistance and Aging Rate 

A prime concern of the timing industry today is that of 
crystal shock resistance and aging. The aging of a crystal 
results primarily from aging of the mounting material rather 


Table II - Trimming Data for a Typical 32-kHz 
Quartz Oscillator Crystal 



LOAD CAPACITANCE. CL 1 

TRIM 

5pF 

11.5 pF 

20 pF 

32 pF 

± 20 PPM 

-0.45 

Pf 

+0.51 

-1.6 

pf 

+2.0 

-3.7 

pf 

+5.5 

-8.0 

pf 

+14.7 

± 25 PPM 

-.55 

pf 

+.65 

-1.9 

pf 

+2.6 

-4.5 

pf 

+7.3 

-9.4 

pf 

+20.5 

± 30 PPM 

-0.66 

Pf 

+0.79 

-2.3 

pf 

+3.3 

-5.2 

pf 

+9.3 

-10.7 

pf 

+27.9 
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Fig. 7— Effect of temperature on crystal frequency. 



( 0 ) 

92CS-20509 



92CS-205I0 

Fig. 8- Frequency-temperature characteristics for various 
crystal cuts: (a) XY-Bar and NT cuts; (b) A T cut. 

than from aging of the quartz itself. The mounting material 
enters into the crystal equivalent circuit, and the slowest 
aging rate results when the mount consists of the least 
amount of supporting material. This condition of course, 
results in lower shock resistance, and an optimum trade-off 
r:: ;f be achieved. At present, 32-kHz crystals can be made 
that can withstand a mechanical shock of about 1500 G’s 
applied for 0.5 millisecond and that have aging rates that 
''suit ill a frequency change of 2 to 5 parts per million for 
the first year and essentially no aging thereafter. Any 
mechanical or thermal shock, however, will interrupt the 
normal aging process. The aging rate of 2 to 5 parts per 
million presently appears acceptable to the timing industry, 
although shock resistances of 3,000 to 5,000 G’s are desired. 
This shock level corresponds approximately to the shock 
experienced by dropping the crystal from a height of one 
meter onto a hardwood floor. 

PRACTICAL OSCILLATOR CIRCUITS 

The basic amplifier, feedback-network, and crystal 
considerations discussed in the preceding paragraphs can be 
combined in the design of COS/MOS oscillator circuits. In 
the circuits, the crystal selected has an equivalent resistance 
Re of 50 kilohms and is cut to operate at a frequency of 
32.768 kHz with a load capacitance Cl of 10 picofarads. The 
values of pi feedback-network capacitors Cj and Cs can be 
calculated by use of Eqs. (2) and (3) as Cx.= 43 picofarads 
and Cs = 13 picofarads. The value of the feedback-network 
resistance R can be calculated as follows: 

_(3Xe + 0.27 Re)(Xe-0.8 Re) 

^ 16 Re 

» 1 Mf2 
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This value is the maximum value of resistance allowd for a 
minimum feedback-network attenuation of 0.75, a value 
chosen on the basis of power and stability considerations.' 
The calculated value of R includes any fixed resistance plus 
the amplifier output resistance. Because the output resistance 
is often appreciable and varies with supply voltage, transistor 
size, and threshold voltages, it is generally best to add 
resistance experimentally until the desired power consump- 
tion and frequency stability are reached. The effect of this 
resistance on operating current and frequency stability can 
be predicted from data given in Table 111 for the three 
different COS/MOS crystal oscillator circuits shown in Fig. 9. 
In each circuit, the pi-network capacitors Cj and Cs are 39 
picofarads and 10 picofarads, respectively. These capaci- 
tances are slightly less than the calculated values because of 
stray and amplifier capacitances. 

The circuit shown in Fig. 9(a) combines the amplifier and 
feedback circuits shown in Fig. 4 and 5. Although theory 
predicts that an increase in the values of the feedback- 
network resistor R will result in increased frequency 
stability, the circuit performance data given in Table III show 
no significant improvement in this characteristic. This result 
indicates that the circuit instability can be attributed almost 
entirely to phase instabilities of the amplifier. This assump- 
tion is verified by data taken from the circuits shown in 
Figs. 9(b) and 9(c) in which the required feedback-network 
resistance is incorporated into the amplifier as a fixed value. 
The resistors essentially fix the amplifier phase shift so that 
greater stability results. As the data show, use of these 
resistors also results in a decrease in the total current 
consumption. Because of the two fixed resistors, 1he circuit 
of Fig. 9(b) shows the least current consumption and also the 
greatest stability. 


Table III - Typical Oscillator Data 


Circuit 

Value of 
R(n) 

Vdd 

(Volts) 

Current 

ipA ) 

Frequency 
Stability 
Vdd ” 1.45V 
to 1.6V 

9 ( a ) 

0 

1.60 

4.0 

2.8 


0 

1.45 

3.1 


100 K 

1.60 

3,1 

2,6 



1,45 

2.4 

» 

200 K 

1.60 

2.9 

2.6 

" 

" 

1.45 

2.1 

9 ( b ) 

100 K 

1.60 

2.3 

.3 



1.45 

2.0 

» 

» 

1.1 

1.5 

” 

150 K 

1.60 

1.8 

.2 

'* 


1.45 

1.6 

» 


1.1 

.95 

9 ( c ) 

200 K 

1.60 

5.0 

.6 

" 


1.45 

4.4 

'' 

300 K 

1.60 

3.5 

.5 

" 


1.45 

3.0 


As mentioned previously, the amplifier feedback resistor 
should not significantly load the crystal feedback network. 
The resistor value at which loading begins to occur can be 
determined from a curve of circuit operating frequency as a 
function of feedback resistance. Fig. lO shows such a curve 
for the circuit shown in Fig. 9(b). This curve indicates that 
1 5 megohms is a suitable value for the feedback resistor. 


FREQUENCY DIVIDERS 

Because of restrictions on crystal size and cost, oscillator 
frequencies of 8 1 92 Hz, or higher, are generally used for 
electronic timing circuits. The use of such high crystal 
frequencies usually requires division of the oscillator fre- 
quency to a more convenient value. Synchronous motors, for 
example, are often driven by frequencies between 0.5 Hz and 
64 Hz. Numeric readouts for digital clocks or wristwatches 


require pulses at least every second, minute, and hour. The 
necessity for frequency division becomes clear if one 
considers the wide variety of timing intervals that may be 
required for certain applications. 

The basic frequency-dividing circuit, shown in Fig. 1 1 , 
consists of a master-slave D-type flip-flop connected as a 
binary counter stage. N stages may be cascaded with the final 
output frequency equal to 2 “^ times the input frequency. 
Division by integers other than powers of 2 can also be 
accomplished by use of gating techniques. For example, a 
divide-by-60 counter implemented as shown in Fig. 1 2, can 
be used to obtain minutes from seconds. 
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Fig. 9- Typical COS/MOS crystal-oscillator circuits. 



9aCS-Z04B4 

Fig. 10— Oscillator frequency as a function of amplifier 
feedback resistance. 
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Fig. 1 1— Basic frequency-dividing stage. 


A basic block diagram of a typical digital clock that 
employs divide-by-60 counters is shown in Fig. 13. The 
display for the clock is designed to be multiplexed in that 
new information is provided to only one of the six readout 
characters, while the eye itself holds the previous state of the 
other five. The multiplexing unit consists of COS/MOS 
transmission gates controlled by a six-stage ring counter that 
also addresses each character sequentially. This type of 
circuit is particularly applicable for driving light-emitting 
diode displays. 

Light-emitting diodes, as well as other readout devices, 
require some form of driving circuitry which is often unique 
to the driven device. Other typical readout devices include 
stepping motors, balance-wheel motors, tuning-fork motors, 
and liquid-crystal displays. 

Motors are frequently driven by low-impedance MOS 
transistor drivers. The waveforms required depend upon the 
particular type of motor. Rotary stepping motors require a 
pulsed waveform such as that shown in Fig. 14(a). The motor 
advances one position (for example 180 degrees) on each 
pulse. Fig. 14(b) sliows a COS/MOS circuit that may be used 
to generate this type of waveform. The crystal frequency and 
the number of countdown stages for this circuit determine 
the pulse frequency. The duty factor is controlled by two 
resettable flip-flops that are clocked inversely by the last 
counting stage and reset by an intermediate stage. The 
output waveform from this circuit will have a duty factor 
that Is exactly given by 2 ' “ ' ~ where 1 is the number of 
the intermediate stage used to reset the shaping flip-flops and 
N is the total number of frequency-divider stages, 

A tuning-fork motor consists of two coils wired in series 
and wound on either side of the fork. A subdivision of the 
crystal frequency drives the coils which elect romagnetically 
vibrate the fork. The fork can be linked to an index wheel 
that, in turn, can drive the hands of a watch. 

A balance-wheel motor consists of a coil fixed near the 
periphery of a pivoted balance wheel. Permanent magnets are 
attached to one side of the wheel and counterweights to the 
other. The coil can be energized by pulses supplied to the 
gate of an n-channel MOS transistor with the coil connected 
between the drain and the supply voltage of the transistor. 
When the coil is energized, the balance wheel swings toward 
the coil. The momentum of the wheel moves it beyond the 
coil, and spring action then forces it back. Repeated cycles 
generate a back-and-forth type motion which can be linked 
to a wheel for driving the hands of a watch or clock. 

Seven-segment liquid-crystal numerals can be driven as 
shown in Fig. 15. An ac voltage is required across each 
segment of the display to assure long life. For this purpose, a 
60-Hz square wave is applied to one input of each of seven 
exclusive-OR gates. The logic state present at the other input 
determines whether the segment will transmit or scatter light. 

Liquid-crystal displays can be made for operation in 
either transmissive or reflective modes. The transmissive- 
mode type requires a light source behind the display. The 
light will either be transmitted or not depending upon the 
voltage across the segment. In the reflective-mode type, 
ambient light can be scattered by the liquid crystal material, 
or reflected from a mirrored surface placed behind the 
numeral. If displayed correctly, excellent contrast between 
“on” and “off’ segments can be obtained when reflecting or 
scattering only ambient light. 

The light scattering property of liquid-crystal displays 
ulTcrs two major advantages. First, the problem of washout in 
high intensity liglit is prevented. Washout has always been a 
problem with light generating displays. Second, because the 
displays do not generate liglit, they require negligible power. 
In fact, liquid crystals require the least amount of power of 
any currently available type of display.^ 

Light-emitting diodes are somewhat simpler to drive than 
liquid crystals because signals to individual segment and/or 
numerals can be easily multiplexed. Fig. 16 shows a typical 
multiplexed driving circuit. The n-p-n transistor, which is 
common to the cathode of all segments in each numeral, can 
be turned on to address only one particular numeral. The eye 
will hold the reading from all off segments long enough for at 
least six numerals to be multiplexed. 
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Fig. 12— COS/M OS divide-by-60 counter. 



TO SEVEN SEGMENTS OF 
All DISPLAY NUMERALS 
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Fig. 13— Typical COS/MOS digital dock. 


REQUIRED DRIVING WAVEFORM 
ACROSS STEPPING MOTOR 




Wristwatches 

In any wristwatch application, size and total operating 
current are perhaps the two most important considerations. 
The total timing circuitry, together with the battery and 
readout device, must fit into a relatively fixed size and have a 
current consumption small enough to allow at least one year 
of life. Size and power considerations also become important 
in crystal selection. The size and cost of a crystal decreases 
with increa.ses in frequency up to about 1 MHz. The power 
consumption of the oscillator and counter increases with 
frequency. On the basis of these considerations, the most 
popular crystal frequency for wristwatches at present is 
32.768 kHz. Typical packaged sizes for this crystal and 
various available crystal oscillator circuits were discussed in 
an earlier section of this Note. 

The choice of a readout device also involves considera- 
tions of size and power as well as, of course, marketing 
considerations. If conventional-hand movements are chosen, 
a motor type of drive must be selected. No great size 
advantage exists over any of the various motor types used in 
this type of application. In addition, all types can be 
designed to operate from 1.1 to 1.6 volts with average 
current consumptions of about 10 microamperes. Sensitivity 
to vibration, however, is one separating characteristic. 
Although balance-wheel motors can be designed to compen- 
sate to a certain extent for speed variations produced by 
vibrations, the stepping motor, which is insensitive to 
vibration, remains superior in this respect. At present, 
however, the stepping motor is the more expensive of the 
two types. 

Light-emitting diodes require a minimum of two battery 
cells for proper operation. The required current can be kept 
to about 2 milliamperes per segment when the diodes are 
pulsed from a six-stage ring counter, as shown in Fig. 13. A 
duty factor of 16 per cent is achieved with this arrangement. 
Because of the high current, however, a continuously 
operating battery-powered display is not possible, and a 
“readout on demand” watch is then necessary. 

Continuously operating liquid-crystal displays are 
possible and practical. RCA wristwatch displays employ 
liquid-crystal material having resistivities of about 5x10*^ 
ohms per centimeter, which at a 0.5-mil spacing results in a 
resistance of 6.3 megohms per square centimer. With all 
segments energized, the display consumes only about 1 
microampere of current at IS volts. Liquid crystals, however, 
require a minimum supply of 12 volts to assure good contrast 
between on and off segments. For single-cell operation, a 
dc-to-dc converter must be used to step the voltage up to the 
required 12-to-15-volt level. Transformer and capacitor 
voltage-doubling circuits with conversion efficiencies of 
about 75 per cent are typically used for this purpose. 

Because current consumption is such an important 
consideration for wristwatch circuits, the careful considera- 
tion given to the choice of a battery is easily understood. 
Small silver-oxide and mercury cells are presently popular for 
wristwatch use. Pertinent information on these types of 



Fig. 14— Generation of required stepping-motor waveforms: (a) required driving 
waveform across stepping motor; (b) COS/MOS driving circuit and output 
waveforms applied to motor control winding. 


COS/MOS TIMING-CIRCUIT APPLICATIONS 

The choice of a readout device depends, of course, upon 
the application involved and to a certain extent upon the 
individual characteristics of the device itself. Special 
considerations for readout devices are perhaps best treated in 
a discussion of special requirements for three important 
timing-circuit applications, namely, wristwatches, wall 
clocks, and automobile clocks. 



AVERAGE VOLTAGE 
ACROSS ANY SEGMENT 
= 0 VOLTS 


Fig. 15— COS/MOS liquid-crystal driving circuit. 
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Fig. 16- Multiplexing driving circuit for light-emitting diodes. 


Mallory cells is shown in Table IV. Most of the cells listed 
will last at least one year with a motor current of 10 
microamperes and a total oscillator and divider current less 
than 5 microamperes at an oscillator frequency of 32.768 
kHz. The voltage for both types of cells is relatively constant 
during the active life listed and falls off rapidly thereafter. 
Typical end-of-life voltages at 1.1 volts for mercury cells and 
1.45 volts for silver-oxide cells. Either type of cell works 
equally well with RCA silicon-gate COS/MOS circuits which 
operate from supply voltages as low as 1 .1 volts. 

Wail Clocks 

Size and power limitations for clocks are not as 
restrictive as those for wristwatches. For this reason, 
lower-cost, higher-frequency crystals may be used. The 
optimum range of crystal frequencies presently appears to be 
from 131 kHz to 524 kHz. All the oscillator considerations 
given previously for operation at 32 kHz apply equally well 
to this higher frequency range. The oscillator circuit 
configuration shown in Fig. 9(b) is still the optimum type; 
however, the value of the source resistors must be decreased 
to assure adequate gain at the higher frequencies. Source 
resistors ate often best chosen experimentally by gradually 
increasing the resistance until an output voltage swing of 30 
to 70 per cent of the supply voltage Vdd is reached. Data 
taken from a typical 262-kHz oscillator circuit that employs 
two 10-kilohm source resistors and a DT -cut, 262-kHz crystal 
are shown in Table V. The table also shows typical counter 
current. 

The most popular readout devices for clocks are 
conventional-hand movements and liquid-crystal displays. 
Continuously operating light-emitting-diode numerals con- 
sume too much current even for long life of C- and D-size 
batteries. In contrast, a typical RCA four-digit liquid-crystal 


Table IV — Typical Data for Mallory Watch Cells 


Type 

Voltage 

Capacity 
/iA yrs. 

Height 

(in.) 

Diameter 

(in.) 

WH3 

1.35 

25 

0.208 

0.455 

WS 14 

Type A 

1.55 

19 

0.210 

0.455 

W4 

1.35 

11 

0.139 

0.455 

WS11 

1.55 

11 

0.164 

0.455 

10R101 

(EXP) 

1.35 

36 

0.190 

0.610 

10L 19 
(EXP) 

1.55 

27 

0.190 

0.610 

WD4 

1.36 

14 

0.149 

0.594 

WD5 

1.36 

23 

0.110 

1.003 


display having a 0.4-inch-by-0.6-inch numeral consumes only 
100 microamperes of current with all segments energized. 

Motors for driving the clock hands are typically of the 
balance-wheel or continuously rotating synchronous types. 
Sensitivity to vibration is usually not a restriction; hence, the 
balance wheel motor can be successfully used in place of the 
more expensive stepping motor. Clock motors typically 
require about 300 to 450 microwatts of power, or average 
currents of 200 to 300 microamperes at 1.5 volts. 

These currents, together with the oscillator and counter 
currents given in Table V, can now be compared with 
typical battery capacities. Battery information extrapolated 
from published Eveready data on popular AA-, C-, and D-size 
cells is listed in Table Vl.^ Most of the battery current is 
consumed by the motor, and if a total current of 250 
microamperes is assumed, the data show a carbon-zinc C cell 
as the minimum size battery required for one year of life. 

Auto Clocks 

Auto clock circuits are somewhat unique in that poWer 
considerations are not nearly as restrictive as in other 
portable applications. Although the low-power feature of 
COS/MOS circuits is helpful, the main advantages obtained 


Table V — Typical Data for 262-kHz Oscillator 
and Counter Circuits 


Product 

VdD 

(Volts) 

Oscillator 

Current 

(pA) 

Counter 

Current 

(juA) 

Freq. 

Stability 

(ppm) 

Silicon-Gate 

1.1V 

7 

7 

2.0 ppm 

1.4 

1.2 


1.3V 

- 9.5 

9 


1.5V 

11.5 

10 


1.6V 

12.5 

11 

Low-Voltage 

2.2V 

21 

10 

1.8 


3.0V 

35 

13 


from the use of COS/MOS in automobile clocks, or in any 
automotive application, are those of wide operating voltage 
and temperature range and high noise immunity. 

With little restriction on power, the choice of a crystal 
depends mainly on cost. Crystals typically used for auto- 
mobile timing applications are AT-cut types that operate at 
frequencies between I MHz and 4.2 MHz. The oscillator 
considerations discussed earlier also apply to these frequen- 
cies; however, as the frequency increases, it becomes 
increasingly difficult to maintain a low starting voltage at a 
low current. At high frequencies, the starting voltage and 
current are inversely proportional and are controlled mainly 
by the values of the capacitors on the pi-type feedback 
network and the size of the COS/MOS amplifier transistors. 


Table VI - Life Data for Typical Batteries 


Eveready 

Type# 

Mallory 

Type# 

Size 

Type 

Life 

(Days) 

915 

M15F 

AA 

Carbon- 

Zinc 

150 

E91 

MN1500 

AA 

Alkaline 

200 

935 

M14F 

C 

Carbon- 

Zinc 

385 

E93 

MN1400 

C 

Alkaline 

575 

950 

M13F 

D 

Carbon- 

Zinc 

800 

E95 

MN1300 

D 

Alkaline 

1100 


All life data assumes a continuous drain of 250 juA and an 
end-of-life voltage of 1.1V. 


For minimum starting voltage, relatively small capacitors 
should be used in the pi-feedback network, and no source 
resistors should be added to the amplifter. As indicated by 
data taken on the circuit shown in Fig. 9(b) and shown in 
Table VII, low power can still be maintained even when the 
source resistors are not used. 


Table VII — Typical High-Frequency Data for 
COS/MOS Oscillator and Counter 
Circuits (Low-Voltage Product) 


VdD 

(Volts) 

Freq. 

(MHz) 

Oscillator 

Current 

(mA) 

Counter 

Current 

(mA) 

Motor 

Current 

(mA) 

5 

1 

0.28 

0.125 

5V 

12 

1 

1.3 

0.275 

2-5 mA 

5 

2 

0.37 

0.250 

12V 

12 

2 

1.5 

0.550 

5-10 mA 

5 

3 

0.40 

0.375 

5V 

12 

3 

1.9 

0.825 

3-8 mA 

5 

4 

0.43 

0.500 

■12V 

12 

4 

2.3 

1.1 

8-20 mA 


the upper limit of the crystal frequency depends not so 
much on power consumption as on the minimum supply 
voltage allowed for circuit operation. The minimum auto- 
mobile battery voltage is generally considered to be 5 volts; 
however, the supply voltage for the timing circuit can be 
considerably less than this value depending upon the design 
of the transient protection circuit, as discussed later. Table 
VIII lists minimum COS/MOS supply voltages for typical 
oscillator circuits. The values shown permit design at two 
temperatures. The lower temperature is often considered 
adequate by auto companies' with the opinion that the 
minimum battery voltage of 5 volts rarely, if ever, occurs at 
high temperatures. 

The oscillator in a typical auto clock circuit is followed 
by a number of frequency-dividing stages, the last stage of 
which is frequently used to drive a motor. Long counter 
chains are required because of the high oscillator frequency; 
however, the power dissipation of COS/MOS circuits is so 
low that the number of stages is only restricted by chip size 
limitations. Because COS/MOS circuits consume current only 
during switching transitions, each counter stage averages 
one-half the current of the previous stage. The first counter 
stage, therefore, consumes as much current as all of the 
following stages com.bined for a counter of infinite length. 
Little difference, then, exists between the power consump- 
tion of a ten-stage or thirty-stage COS/MOS counter. Table 
VII lists, in addition to the oscillator current, typical values 
of counter current, as well as some typical ranges of peak and 
average motor currents. 
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Current data, such as that shown in Table VII, are 
necessary for a proper design of the transient protection 
circuit, an essential part of any automobile digital logic 
system. Automobile manufacturers disagree on the maximum 
amplitude and decay of transient voltage; however, values 
often used are maximum transients of +120 volts and —90 
volts, each decaying exponentially with a maximum time 
constant of 45 milliseconds. Because standard COS/MOS 
circuits are rated for a maximum supply of 15 volts, a 
protection circuit must be included between the battery and 
the COS/MOS logic. 


Table VIII — Minimum Operating Voltages for 
COS/MOS Integrated Circuits 



Low-Voltage Product 

Silicon-Gate Product 

Freq. 

(MHz) 

1 

2 

3 

4 

1 

2 

3 

4 

Min. 
Voltage 
at 250C 

2.9 

3.1 

3.5 

4.0 

1.6 

2.0 

2.6 

3.0 

Min. 
Voltage 
at 820C 
180°F 

3.0 

3.3 

4.0 

5.0 

1.8 

2.6 

3.4 

4.0 


Fig. 17 shows a transient-voltage protection circuit that is 
frequently used. The zener diode regulates the voltage supply 

for the clock circuits, and the capacitor and series diode 
prevent timing losses during negative transients. For mini- 
mum zener current during transients, the maximum value of 
R should be based on the minimum circuit operating voltage 
and the peak current drawn by the logic circuit and motor at 
the minimum battery voltage. The minimum zener break- 
down voltage is then determined by subtraction of the 
product of the minimum current drain at the normal battery 
voltage and the value of R just chosen from the battery 
voltage. A zener breakdown greater than this voltage assures 
that no unnecessary current will be drawn by the zener 
during normal automobile operation. 
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Fig. 17- Automobile transient-protection circuit. 

Another important zener characteristic is dynamic 
impedance. During a current surge, the voltage across the 
zener must not rise to a damaging level. A value of 22 volts 
for the 45-millisecond time constant appears safe for 
standard COS/MOS circuits. 


In the design of a typical transient-voltage protection 
circuit, it is assumed that the minimum battery voltage is 5 
volts, that the minimum circuit operating voltage is 3.5 volts 
at a crystal frequency of 3.145728 MHz, and that a peak 
current of 3 milliamperes is obtained at 5 volts. The value of 
the resistance R is then found as (5 - 3.5 + 0.7)/3ss250 
ohms. With a minimum current of 5 milliamperes at 1 2 volts, 
the minimum zener voltage becomes 12 - 5(0.250) = 1 1.75 
volts. For a + 120-volt transient, the zener could then 
consume a peak current of (120 - 11.8)/250 = 0.4 ampere. 
For a maximum zener voltage of 13 volts, the dynamic 
impedance of the zener must be less than (22V - 1 3V)/.4A = 
22 ohms. Components chosen in this manner will provide 
adequate protection for anticipated transients. 

Both protection-circuit diodes can be integrated onto the 
COS/MOS chip. When located as shown in Fig. 17, the series 
diode need only have a breakdown rating of about 12 volts. 
Zener diodes that have breakdown ratings of 4.5 to 6.0 volts 
or any multiple thereof can also be integrated onto the 
COS/MOS chip. The breakdown rating can also be increased 
in 0.7-volt steps by addition of forward-biased diodes in 
series. Characteristics of two typical zener diodes integrated 
in series are shown in Fig. 18. Fig. 18(a) shows the area 
around the “knee” of the breakdown region, and Fig. 18(b) 
shows the higher-current region useful for determining the 
dynamic resistance. From the slope of the line, the typical 
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Fig. 18- Oscillograph tracings showing characteristics of an 
integrated zener diode: (a) low-current region; (b) 
high-current region. 


dynamic resistance for two diodes is found to be 17.6 ohms 
total, or 8.8 ohms per diode. The diodes are rated to 
withstand a 0.5'ampere surge current that decays with an 
80-millisecond time constant. The zener diode, then, is 
compatible with present automobile protection requirements, 
and integration of this component should represent a 
considerable cost saving, especially when integrated with the 
series diode. 

Other Applications 

Although wristwatches and clocks of various types are 
important applications of COS/MOS timing circuits, they are 
certainly not the only timing applications which can benefit 
from the unique features of COS/MOS logic. Applications 
such as fuze timers, feeding systems, automatic sprinklers, 
incubator timers, and other similar systems can be designed 
from information provided on the oscillator and counter 
with only the output device unique to the particular 
application. Automobile applications for COS/MOS circuits 
are almost endless. One can think of speed controllers, digital 
speedometers, miles per gallon indicators, and perhaps even 
estimated-time-of-arrival indicators that, on the basis of the 
given total mileage, would update the time on a dynamic 
basis from information provided by the speedometer, 
odometer, and clock. 

CONCLUSIONS 

The primary advantage of electronic timing circuits over 
conventional mechanical methods of timekeeping lies in the 
greatly increased accuracy permitted by the highly stable 
crystal-controlled oscillator circuit. Although crystal oscil- 
lator circuits have existed for some time, their usefulness in 
portable applications has been somewhat limited because of 
the high current consumption required by the following 
digital logic. The advent of COS/MOS integrated circuits now 
permits the design of complete low-power timing systems. 
The impact of COS/MOS on timing applications is perhaps 
equalled by the recent development of liquid-crystal displays 
and dc-to-dc converters that allow low-power continuously 
operating digital displays. Certainly, no great technological 
barriers now exist for the use of electronic timing circuits in 
a wide variety of applications. The search, no doubt, will 
always continue for the ideal timekeeping device; however, it 
should be apparent from the information presented that the 
ideal timekeeping unit can now be more closely approached 
than ever before, 
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The RCACOS/MOS Phase-Locked-Loop 
A Versatile Building Block for Micro- Power 
Digital and Analog Applications 


INTRODUCTION 

Phase-locked-loops (PLL’s), especially in monolithic 
form, are finding significantly increased usage in signal- 
processing and digital systems. FM demodulation, FSK 
demodulation, tone decoding, frequency multiplication, 
signal conditioning, clock synchronization, and frequency 
synthesis are some of the many applications of a PLL. The 
PLL described in this Note is the COS/MOS CD4046A, 
which consumes only 600 microwatts of power at 10 kHz, a 
reduction in power consumption of 160 times when 
compared to the 100 milliwatts required by similar mono- 
lithic bipolar PLL’s. This power reduction has particular 
significance for portable battery-operated equipment. This 
Note discusses the basic fundamentals of phase-locked-loops, 
and presents a detailed technical description of the COS/ 
MOS PLL as well as some of its applications. 


REVIEW OF PLL FUNDAMENTALS 

The basic phase-locked-loop system is shown in Fig. 1 ; it 
consists of three parts; phase comparator, low-pass filter, and 
voltage-controlled oscillator (VCO); all are connected to 
form a closed-loop frequency-feedback system. 

With no signal input applied to the PLL system, the error 
voltage at the output of the phase comparator is zero. The 
voltage, Vd(t), from the low-pass filter is also zero, which 
causes the VCO to operate at a set frequency, fo, called the 
center frequency. When an input signal is applied to the PLL, 
the phase comparator compares the phase and frequency of 
the signal input with the VCO frequency and generates an 
error voltage proportional to the phase and frequency 



Fig. 1— Block diagram of PLL. 


difference of the input signal and the VCO. The error 
voltage, Ve(t), is filtered and applied to the control input of 
the VCO; Vd(t) varies in a direction that reduces the 
frequency difference between the VCO and signal-input 
frequency. When the input frequency is sufficiently close to 
the VCO frequency, the closed-loop nature of the PLL forces 
the VCO to lock in frequency with the signal input; i.e., 
when the PLL is in lock, the VCO frequency is identical to 
the signal input except for a finite phase difference. The 
range of frequencies over which the PLL can maintain this 
locked condition is defined as the lock range of the system. 
The lock range is always larger than the band of frequencies 
over which the PLL can acquire a locked condition with the 
signal input. This latter band of frequencies is defined as the 
capture range of the PLL system. 

TECHNICAL DESCRIPTION OF COS/MOS PLL 

Fig. 2 shows a block diagram of the COS/MOS 
CD4046A, which has been implemented on a single 
monolithic integrated circuit. The PLL structure consists of a 
low-power, linear, voltage-controlled oscillator (VCO), and 
two different phase comparators having a common signal- 
input amplifier and a common comparator input. A 5.2-volt 
zener is provided for supply regulation if necessary. The VCO 
can be connected either directly or through frequency 
dividers to the comparator input of the phase comparators. 
The low-pass filter is implemented through external parts 
because of the radical configuration changes from application 
to application and because some of the components are 
non-in tegrable. The CD4046A is supplied in a 16-lead, 
dual-in-line, ceramic package (CD4046AD); a 16-lead, dual- 
in-line, plastic package (CD4046AE); or a 16-lead fiat-pack 
(CD4046AK). It is also available in chip form (CD4046AH). 



Phase Comparators 

Most PLL systems utilize a balanced mixer composed of 
well-controlled analog amplifiers for the phase-comparator 
section. Analog amplifiers with well-controlled gain charac- 
teristics cannot easily be realized using COS/MOS tech- 
nology. Hence, the COS/MOS design shown in Fig. 3 
employs digital-type phase comparators. Both phase com- 
parators are driven by a common-input amplifier configura- 
tion composed of a bias stage and four, inverting-amplifier 
stages. The phase-comparator signal input (terminal 14) can 
be direct-coupled provided the signal swing is within 
COS/MOS logic levels (logic 0<30% (VDD-VSS), logic 
1>70% (VDD-VSS)]. For smaller input signal swings, 
the signal must be capacitively coupled to the self-biasing 
amplifier at the signal input to insure an over-driven digital 
signal into the phase comparators. 


Phase-comparator I is an exclusive-OR network; it 
operates analagously to an over-driven balanced mixer. To 
maximize the lock range, the signal and comparator input fre- 
quencies must have 50-percent duty cycle. With no signal 
or noise on the signal input, this phase comparator has 



Fig. 3— Schematic of COS/MOS PLL phase-comparator 
section. 


an average output voltage equal to VDD/2. The low-pass 
filter connected to the output of phase-comparator I supplies 
the averaged voltage to the VCO input, and causes the VCO 
to oscillate at the center frequency (fj,). With phase-com- 
parator I, the range of frequencies over which the PLL can 
acquire lock (capture range) is dependent on the low-pass-filter 
characteristics, and can be made as large as the lock range. 
Phase-comparator I enables a PLL system to remain in lock in 
spite of high amounts of noise in the input signal. 


One characteristic of this type of phase comparator is 
that it may lock onto input frequencies that are close to 
harmonics of the VCO center-frequency. A second charac- 
teristic is that the phase angle between the signal and the 
comparator input varies between QO and 180°, and is 90o at 
the center frequency. Fig. 4 shows the typical, triangular, 
phase-to-output, response characteristic of phase-comparator 
1. Typical waveforms for a COS/MOS phase-locked-loop 
employing phase-comparator 1 in locked condition of fo is 
shown in Fig. 5. 



Fig. 4- Phase-comparator I characteristics at 
low-pass filter output. 


SIGNAL INPUT (TERM. I' 

VCO OUTPUT (TERM 4)» 
COMPARATOR INPUT 
(TERM 3) 


VCO INPUT (TERM. 9). 
•LOW- PASS FILTER 
OUTPUT 


JUISLT 


Fig. 5- Typical waveforms for COS/MOS phase- 
locked loop employing phase-comparator / 
in locked condition of fp. 


Phase-comparator II is an edge-controlled digital memory 
network. It consists of four flip-flop stages, control gating, 
and a three-state output circuit comprising p and n drivers 
having a common, output node as shown in Fig. 3. When the 
p-MOS or n-MOS drivers are ON, they pull the output up to 
VpD or down to V^g,, respectively. This type of phase 
comparator acts only on the positive edges of the signal- 
and comparator-input signals. The duty cycles of the signal 
and comparator inputs are not important since positive 
transitions control the PLL system utilizing this type of 
comparator. If the signal-input frequency is higher than the 
comparator-input frequency, the p-MOS output driver is 
maintained ON continuously. If the signal-input frequency is 
lower than the comparator-input frequency, the n-MOS 
output driver is maintained ON continuously. If the signal- 
and comparator-input frequencies are the same, but the 
signal input lags the comparator input in phase, the n-MOS 
output driver is maintained ON for a time corresponding to the 
phase difference. If the signal- and comparator-input fre- 
quencies are the same, but the signal input leads the com- 
parator input in phase, the p-MOS output driver is maintained 
ON for time corresponding to the phase difference. Sub- 
sequently, the capacitor voltage of the low-pass filter con- 
nected to this type of phase comparator is adjusted until the 
signal and comparator input are equal in both phase and fre- 
quency. At this stable operating point, both p- and n-MOS 
output drivers remain OFF, and thus the phase-comparator 
output becomes an open circuit and holds the voltage on the 
capacitor of the low-pass filter constant. Moreover, the signal 
at the “phase pulses” output is at a high level, and can be used 
for indicating a locked condition. Thus, for phase-comparator 
II, no phase difference exists between signal and comparator 
input over the full VCO frequency range. Moreover, the power 
dissipation due to the low-pass filter is reduced when this 
type of phase comparator is used because both the p- and n- 
MOS output drivers are OFF for most of the signal-input 
cycle. It should be noted that the PLL lock range for this 
type of phase comparator is equal to the capture range, 
independent of the low-pass filter. With no signal present at 
the signal input, the VCO is adjusted to its lowest frequency 
for phase-comparator 11. Fig. 6 shows typical waveforms for 
a COS/MOS PLL employing phase-comparator II in a locked 
condition. 
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SIGNAL INPUT (TERM lA) 


VCO OUTPUT (TERM 4 ) = 
COMPARATOR INPUT 
(TERM 3) 


VCO INPUT (TERM, 91 = 
■LOW-PASS FILTER 
OUTPUT 

PHASE PULSE (TERM I) 



NOTE: DASHED LINE IS AN OPEN-CIRCUIT CONDITION 


Fig.6 - Typical waveforms for COS/MOS phase-locked loop 
employing phase-comparator 11 in locked condition. 


Fig. 7 shows the state diagram for phase-comparator II; 
each circle represents a state of the comparator. The number 
at the top inside each circle represents the state of the 
comparator, while the logic state of the signal and 
comparator inputs, represented by a 0 or a 1, are given by 
the left and right numbers, respectively, at the bottom of 
each circle. The transitions from one state to another result 
from either a logic change on the signal input (1) or the 
comparator input (C). A positive transition and a negative 
transition are shown by an arrow pointing up or down, 
respectively. The state diagram assumes that only one 
transition on either the signal input or the comparator input 
occurs at any instant. States 3, 5, 9, and 1 1 represent the 
condition at the output of phase-comparator II when the 
p-MOS driver is ON, while states 2, 4, 10, and 12 determine 
the condition when the n-MOS driver is ON. States 1, 6, 7, 
and 8 represent the condition when the output of phase- 
comparator II is in its high impedance state; i.e., both p- and 
n-devices are OFF, and the phase-pulses output (terminal 1) 
is high. The condition at the phase-pulses output for all other 
states is low. 

As an example of how one may use the state diagram 
shown in Fig. 7, consider the operation of phase-comparator 
II in the locked condition shown in Fig. 6. The waveforms 
shown in Fig. 6 are broken up into three sections: section I 
. corresponds to the condition in which the signal input leads 
the comparator input in phase, while section II corresponds 
to a finite phase difference. Section III depicts the condition 
when the comparator input leads the signal input in phase. 
These three sections all correspond to a locked condition for 
the COS/MOS PLL; i.e., both signal- and comparator-input 
signals are of the same 'frequency but differ slightly in phase. 
Assume that both the signal inputs begin in the 0 state, and 
that phase-comparator II is initially in its higli-impedance 
output condition (state 1), as shown in Figs. 7 and 6, 
respectively. The signal input makes a positive transition 



n- UNIT ON IN STATES p-'JNlT ON IN STATES 
2,4,10,12 3,5,9,11 


PHASE-PULSES OUTPUT (PINI) HIGH IN STATES I, 6, 7. 8 AND LOW 
IN STATES 2,3,4, 5,9,10,11, 12 


^ — STATE NUMBER 

(ooj 

logic state-''^ — logic state of comparator 
OF signal input INPUTIPIN 3) 


It40-I transition 
ON signal input 

CtSC-l TRANSITION 
ON COMPARATOR 


Fig. 7- State diagram of phase-comparator //. 
first, which brings phase-comparator II to state 3. State 3 
corresponds to the condition of the comparator in which the 
signal input is a 1, the comparator input is a 0, and the 
output p-device is ON. The comparator input goes high next, 
while the signal input is high, thus bringing the comparator 
to state 6, a higli-impedance output condition. The signal 
input goes to zero next, while the comparator input is high, 
which corresponds to state 7. The comparator input goes low 
next, bringing phase-comparator II back to state 1. As shown 
for section I, the p-device stays on for a time corresponding to 
the phase difference between the signal input and the 
comparator input. Starting in state 1 at the beginning of 
section III, the comparator input goes high first, while the 
signal input is low, bringing the comparator to state 2. 


Following the example given for section I, the comparator 
proceeds from state 2 to states 6 and 8 and then back to 1. 
The output of phase-comparator II for section III corres- 
ponds to the n-device being on for a time corresponding to the 
phase difference between the signal and comparator inputs. 

The state diagram of phase-comparator II completely 
describes all modes of operation of the comparator for any 
input condition in a phase-locked-loop. 

Voltage-Controlled Oscillator 

Fig. 8 shows the schematic diagram of the voltage- 
controlled oscillator (VCO). To assure low system-power 
dissipation, it is desirable that the low-pass filter consume 
little power. For example, in an RC filter, this requirement 
dictates that a high-value R and a low-value C be utilized. 
The VCO input must not, however, load down or modify the 
characteristics of the low-pass filter. Since the VCO design 
shown utilizes an n-MOS input configuration having prac- 
tically infinite input resistance, a great degree of freedom is 
allowed in selection of the low-pass filter components. 

The VCO circuit shown in Fig. 8 operates as follows: 
when the inhibit input is low, P3 is turned full ON, 
effectively connecting the sources of Pj and P2 to Vdd; and 
gates 1 and 2 are permitted to function as NOR-gate 
flip-flops, N1 together with external-resistor R1 form a 
source-follower configuration. As long as the resistance of R1 
is at least an order of magnitude greater than ON resistance 
of Ni (greater than 10 kilohms). the current through R1 is 
linearly dependent on the VCO input voltage. This current 
flows through Pi, which, together with P2, forms a 
current-mirror network. External resistor R2 adds an 
additional constant current through PI; this current offsets 
the VCO operating frequency for VCO input signals of 0 
volts. In the current-mirror network, the current of P2 is 
effectively equal to the current through PI independent of 
the drain voltage at P2, (This condition is true provided P2 is 
maintained in saturation; in the circuit shown, P2 is saturated 
under all possible operating conditions and modes). The 
set/reset flip-flop composed of gates 1 and 2 turns ON cither 
P4 and N3, or P5 and N2. One side of the external capacitor 
Cl is, therefore, held at ground, while the other side is 
charged by the constant current supplied by P2. As soon as 
Cl charges to the point at which the transfer point of 
inverters 1 or 5 is reached, the flip-flop changes state. The 



charged side of the capacitor is now pulled to ground. The 
other side of the capacitor goes negative, and discharges 
rapidly through the drain diode of the OFF n-device. 
Subsequently, a new half-cycle starts. Since inverters 1 and 5 
have the same transfer points, the VCO has a 50-pcrcent 
duty-cycle. Inverters 1 through 4 and 5 through 8 serve 
several purposes: (1) they shape the slow-input ramp from 
capacitor Cl to a fast waveform at the flip-flop input stage, 
(2) they maintain low power dissipation througli the use of 
high-impedance devices at inverters 1 and 5 (slow-input 
wave-forms), and (3) they provide foui inverter delays before 
removal of the set/rcset flip-flop triggering pulse to assure 
proper toggling action. 


In order not to load the low-pass filter, a source-follower 
ouput of the VCO input voltage is provided (demodulated 
output). If this output is used, a load resistor (Rs) of 10 
kilohms or more should be connected from this terminal to 
ground. If unused, this terminal should be left open. A logic 
0 on the inhibit input enables the VCO and the source 
follower, while a logic 1 turns off both to minimize stand-by 
power consumption. 

Performance Summary of COS/MOS PLL 

The maximum ratings for the CD4046A COS/MOS PLL, 
as well as its general operating-performance characteristics 
arc outlined in Table 1. The VCO and comparator 
characteristics arc shown in Tables II and 111, respectively. 
Table IV summarizes some useful formulas as a guide for 
approximating the values of external components for the 
CD4046A in a phase-locked-loop system. VVlien using Table IV, 
one should keep in mind that frequency values are in 
kilohertz, resistance values are in kilohms, and capacitance 
values are in microfarads. The selected external components 
must be within the following ranges: 

10KJ2<Rj,R2,Rs< 1 Mn 
C| > 100 pFat Vdd>5 V 
C| > 50 pF at V£)£) > 10 V 

In addition to the given design information, refer to Fig. 9 
for R| , R2,and Cj component selections. The use of Table IV 
in designing a COS/MOS PLL system for some familiar appli- 
cations is discussed below. 

APPLICATIONS OF THE COS/MOS PLL 
The COS/MOS phase-locked-loop is a versatile building 
block suitable for a wide variety of applications, such as FM 
demodulators, frequency synthesizers, split-phase data 
synchronization and decoding, and phase-locked-loop lock 
detection. 

FM Demodulation 

When a phase-locked-loop is locked on an FM signal, the 
voltage-controlled oscillator (VCO) tracks the instantaneous 
frequency of that signal. The VCO input voltage, which is the 
filtered error voltage from the phase detector, corresponds to 
the demodulated output. Fig. 1 1 shows the connections for 
the COS/MOS CD4046A PLL as an FM demodulator. For 
this example, an FM signal consisting of a 10-kilohertz carrier 
frequency was modulated by a 400-Hz audio signal. The total 
FM signal amplitude is 500 millivolts, therefore the signal 
must be ac coupled to the signal input (terminal 14). 


Table I— Maximum ratings and general operating character- 
istics 

MAXIMUM RATINGS, Absolute-Maximum Values: 


Storage Temperature Range - 65°C to f150 °C 

Operating Temperature Range. 

Ceramic Package Types -55“Cto+125 °C 

Plastic Package Types -40'’C to +85 “C 

DC Supply Voltage Range 

<Vqd - Vss) -0.5 V to +15 V 

Device Dissipation (Per Pkg.) 200 tnW 

Vss<V,sVoD 

Recommended 

DC Supply Voltage (Vqq V 55). . 5 to 15 V 

Recommended 

Input Voltage Swing ^DD '^SS 


General Characteristics (Typical Values at Vnn - Vcc 
M0VandT^ = 25°C) 

Operating Supply Voltage (Vqq - Vgg) 5 to 1 5 V 

Operating Supply Current 

Inhibit ' -O'' 'o' WkH/.Vf^Q- 5V.. 70 uW 

(ac, =0 0001 pF 

Rl = 1Mn 'O* 'OkH/, Vdo =10V. ..600mW 
25 mA 
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Table II— VCO electrical characteristics 

VCO Characteristics (Typical Values at Vqq - V 55 
= 10 V and T^ = 25''C) 

Maxrmum Frequency 1.2 MHz 

Temperature Stability 600 ppm/°C 

Linearity m = ^ V ± 2.5 V) 1% 

Center Frequency Programmable with 

and Cl 

Frequency Range Programmable with 

R^ . R 2 . and C-j 

Input Resistance 10’^ Si 

Output Voltage 10 Vp,p 

Duty Cycle 50% 

Rise & Fall Times 50 ns 

Output Current Capability 

"I" Drive @ Vq = 9.5 V -1.8 mA 

■•0" Sink @ Vq =0.5 V 2.6 mA 

Demodulated Output: 

Offset Voltage 

*’^VCO in ~ '^DEMOD out* mA . 1 .5 V 


Table III — Comparator electrical characteristics 
Comparator Characteristics (Typical Values at Vnn - Vcc 
= 10V andT;, = 25°a 

Signal Input 

Input Impedance 400 Kn 

Input Sensitivity 

ac coupled 400 mV 

decoupled ( "O” < 30% (Vqd 

I •■1"^70%(Vdd 
C omparator Input Levels (term. 3). "O" < 30% (Vqq 
"I" > 70% (Vqq 

Output Current Capability 
Comparator I (term. 2) and Comparator II (term. 13): 

"1 " Drive @ Vq ^ 9.5 V -1,8 mA 

"O" Sink @ Vq - 0.5 V . .. 2.6 mA 

Comparator II Phase Pulses (term. 1 ): 

r'Drive@ Vq =9.5 V -0.5 mA 

■O” Sink @Vo -0.5V 1.4 mA 

Phase-comparator 1 is used for this application because a PLL 
system with a center frequency equal to the FM carrier 
frequency is needed. Phase comparator 1 lends itself to this 
application also because of its high signal-input-noise- 
rejcction characteristics. 

The formulas shown in Table IV for phase-comparator I 
with R2 = oo arc used in the following considerations. The 
center frequency of the VCO is designed to be equal to the 
carrier frequency, 1 0 kHz, The value of capacitor C 1 , 500 pF, 
was found by assuming an R| = 100 Kfl for a supply voltage 
Vdd = 5 volts. 

These values determined the center frequency: 
fo=10kHz 

The PLL was set for a capture -range of 

to allow for the deviation of the carrier frequency due to the 
audio signal. The components shown in Fig. 10 for the 
low-pass filter (R3 = 100 kfi,C2 = 0.1 juF) determine the 
above capture frequency. 

The total current drain at a supply voltage of 5 volts for 
this FM-demodulator application is 1 32 microamperes for a 4 
dB S/N-ratio on the signal input, and 90 microamperes for a 
lOdB S/N ratio. The power consumption decreases because 
the signal-input amplifier goes into saturation at higher input 
levels. 




VCO TIMING CAPACITOR ICI)-/tF 


Fig. 9(a}— Typical center frequency vs. C j for 
Rl= 10 Kn, 100 KSl, and 1 MSI 



Fig. 9(b)— Typical frequency offset vs. C; for 
Ft 2 = 10 KSl, 100 KSl, and 1 MSI. 



0.01 0.1 I 10 100 
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Fig. 10— FM demodulator. 


Fig. 1 1 shows the performance of the FM/demodulator 
circuit of Fig. 10 at a 4 dB S/N-ratio. The demodulated 
output is taken off the VCO-input source follower using a 
resistor Rs (Rs = lOOkfil.The demodulation gain for this 
circuit is 250 mV/kHz. 



Fig. 11- Voltage waveforms of FM demodulator. 


Frequency Synthesizer 

The PLL system can function as a frequency-selective 
frequency multiplier by inserting a frequency divider into the 
feedback loop between the VCO output and the comparator 
input. Fig. 12 shows a COS/MOS low-frequency synthesizer 
with a programmable divider consisting of three decades. N, 
the frequency-divider modulus, can vary from 3 to 999 in 
steps of 1. When the PLL system is in lock, the signal and 
comparator inputs are at the same frequency and 

f=NX 1 kHz 

Therefore, the frequency range of this synthesizer is 3 to 999 
kHz in 1-kHz increments, which is programmable by the 
switch position of the Divide-by-N counter. 





Fig. 12— Low-frequency synthesizer with three- 
decade programmable divider. 


Phase-comparator II is used for this application because it 
will not lock on harmonics of the signal-input reference 
frequency (phase-comparator I does lock on harmonics). 
Since the duty cycle of the output of the Divide-by-N 
frequency divider is not 50 percent, phase-comparator 11 
lends itself directly to this application. 

Using the formulas for phase-comparator II shown in 
Table IV, the VCO is set up to cover a range of 0 to 1.1 MHz. 
The low-pass filter for this application is a two-pole, lag-lead 
filter which enables faster locking for step changes in 
frequency. Fig. 13 shows the waveforms during switching 
between output frequencies of 3 and 903 kHz. The figure 
shows that the transient going towards 3 kHz on the VCO 
control voltage is overdamped, while the transient to 903 
kHz is underdamped. This condition could be improved by 
changing the value of R3 in the low-pass filter by means of 
adjustment of the switch-position hundreds in the Divide- 
by-N counter. 



Fig. 13— Frequency-synthesizer waveforms. 


Split-Phase Data Synchronization and Decoding 

Fig. 14 shows another application of COS/MOS PLL, 
split-phase data synchronization and decoding. A split- 
phase data signal consists of a series of binary digits that 
occur at a periodic rate, as shown in waveform A in Fig. 14, 
The weight of each bit, 0 or 1 , is random, but the duration of 
each bit, and therefore the periodic bit-rate, is essentially 
constant. To detect and process the incoming signal, it is 
necessary to have a clock that is synchronous with the 
data-bit rate. This clock signal must be derived from the 
incoming data signal. Phase-lock techniques can be utilized to 
recover the clock and the data. Timing information is 
contained in the data transitions, which can be positive or 
negative in direction, but both polarities have the same 
meaning for timing recovery. The phase of the signal 
determines the binary bit weiglit. A binary 0 or 1 is a positive 
or negative transition, respectively, during a bit interval in 
split-phase data signals. 



Fig. 14— Split-phase data synchronization and decoding. 


As shown in Fig. 14, the split-phase data-input (A) is first 
differentiated to mark the locations of the data transitions. 
The differentiated signal, (B), which is twice the bit rate, is 
gated into the COS/MOS PLL. Phase-comparator II in the 
PLL is used because of its insensitivity to duty cycle on both 
the signal and comparator inputs. The VCO output is fed 


into the clock input of FFl which divides the VCO 
frequency by two. During the ON intervals, the PLL tracks 
the differentiated signal (B); during the OFF intervals the 
PLL remembers the last frequency present and still provides 
a clock output. The VCO output is inverted and fed into the 
clock input of FF2 whose data input is the inverted output 
of FFl. FF2 provides the necessary phase shift in signal (C) 
to obtain signal (D), the recovered clock signal from the 
split-phase data transmission. The output of FF3, (E), is the 
recovered binary information from the phase information 
contained in the split-phase data. Initial synchronization of 
this PLL system is accomplished by a string of alternating O’s 
and I’s that precede the data transmission. 

Phase-Locked- Loop Lock Detection 

In some applications that utilize a PLL, it is sometimes 
necessary to have an output indication of when the PLL is in 
lock. One of the simplest forms of lock-condition indicator is 
a binary signal. For example, a 1 or a 0 output from a 
lock-detection circuit would correspond to a locked or 
unlocked condition, respectively. This signal could, in turn, 
activate circuitry utilizing a locked PLL signal. This detection 
could also be used in frequency-shift-keyed (FSK) data 
transmissions in which digital information is transmitted by 
switching the input frequency between either of two discrete- 
input frequencies, one corresponding to a digital 1 and the 
other to a digital 0. 

Fig. 15 shows a lock-detection scheme for the COS/MOS 
PLL. The signal input is switched between two discrete 
frequencies of 20 kHz and 10 kHz. The PLL system uses 



Fig. 15— Lock-detection circuit. 

phase-comparator II; the VCO bandwidth is set up for an 
Onin of 9.5 kHz and an fmax of 10-5 kHz. Therefore, the 
PLL lock.s and unlocks on the 10-kHz and 20-kHz signals, 
respectively. When the PLL is in lock, the output of 
phase-comparator I is low except for some very short pulses 
that result from the inherent phase difference between the 
signal and comparator inputs; the phase-pulses output 
(terminal 1) is higli except for some very small pulses 
resulting from the same phase difference. This low condition 
of phase comparator I is detected by the lock-detection 
circuit shown in Fig. 15. Fig. 16 shows the performance of 
this circuit when the input signal is switched between 20 and 
10 kHz. It can be seen that after about five input cycles the 
lock detection signal goes higli. 



P 

Pr 

f ; i 1 ! i J 

b 



M 
, 1 


^ ' M ! 1 



- ■ ; i 1 .j , 



VERT, 5 V/DIV 
HORIZ I ms/DIV 


I SIGNAL INPUT 
J 20-10-20 KH2 

''p VCO OUTPUT 


1- detection 

J OUTPUT 

Y CONTROL VOLTAGE 
.^GOVERNING SIGNAL 
INPUT FREQUENCY 


Fig. 16— Lock-detection-circuit waveforms. 
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Using the CD4047A in COS/MOS Timing Appiications 

by J. Paradise 


Many applications exist today for COS/MOS multivi- 
brators— both oscillators and one-shots-in analog and digital 
circuits. The requirements for these applications vary widely 
in such parameters as voltage range, temperature stability, 
power dissipation, drive capability, and external-component 
cost. No design is optimum for all of the above considerations. 
However, the RCA*CD4047A Monostable/ Astable Multivi- 
brator fulfills the needs of most applications in this timing 
area. It can function as either an oscillator or one-shot with 
many additional features, and will meet the power dissipation, 
stability, and speed requirements of most COS/MOS systems. 

This Note compares some simpler types of oscillator circuits 
with the CD4047A in both theoretical and actual performance, 
and provides application information on the CD4047A which 
should prove useful to COS/MOS circuit and system designers. 

COS/MOS DISCRETE RC OSCILLATOR 

The simplest type of RC-oscillator is shown in Fig. 1. It 
consists of two inverters (which may be taken from standard 



Fig. 1 - Simplest COS/MOS RC oscillator. 


RCA COS/MOS parts, i.e., CD4007A, CD4001A, CD4011A, 
etc.) and a single resistor and capacitor. The operating wave- 
forms for this circuit are shown in Fig. 2. 

The circuit operates as follows: depending on the output 
levels of inverters A and B, at any instant C will be charging or 
discharging through R. When the waveform at point (2) in the 
circuit passes through the transfer voltage of inverter A, this 
inverter will switch and cause inverter B to switch. Subse- 
quently, the waveform at point (2) would be exponentially 
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Fig. 2 — RC’Oscillsitor operating waveforms. 

increasing or decreasing with discontinuities equal in magnitude 
to V[)D during the instant of switching. However, since 
point (2) is protected by a standard input-protection circuit 
common to COS/MOS devices, the waveform is clamped at one 
diode voltage drop above Vpp and below Vgs. (Refer to wave- 
forms in Figs. 2 and Al). The calculations for the period of this 
multivibrator circuit are shown in Appendix A; the final 
equation for the period T is 





Fig. 3 — Discrete RC-oscillator time period as a function of transfer 
voltage. 

The above analysis is valid only at low frequencies (i.e., less 
than 50 kHz). As the multivibrator frequency approaches this 
value, other considerations must be taken into account: 

1 . The input protection circuit has a diode with a 
finite resistance and capacitance; the diode will discharge at 
the rate associated with this small time constant. 

2. In the negative direction, there is a diode as well as a 
series protection resistor (1 to 3 kilohms); the time constant of 
this diode is even longer than that of the Vpp diode. 

3. The propagation delay of the inverters used is added to 
the time period during each charge and discharge cycle. Since 
the delay is a function of V^j), small changes in Vdp at high 
frequencies will cause the time period to vary. 

4. There is a finite output impedance associated with the 
inverter which is in series with the external timing resistor. 
Since this output impedance also changes with VpD, at high 
frequencies where the external resistor becomes small, the 
multivibrator stability decreases with small variations in Vpj). 

The negative features of the input protection circuit can be 
partially compensated for by the addition of a resistor, Rs, in 
series with the input protection circuit, as shown in Fig. 4. 
Although the input inverter A is still clamped at one diode drop 
above Vpp or one diode drop below ¥§§, the waveform at 
point (4) is allowed to swing well above Vpj) and below Vgg. 
The larger swing reduces the dependency of transfer-voltage 
variations upon stability; the variable characteristics of the 
input protection circuit and their effect upon stability are 
greatly reduced. An analysis of this circuit is presented in 

© 
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Fig. 4 - RC-oscillator with the addition of R^ 


In this form it is easy to see that when K approaches zero, the 
circuit and associated waveforms are equivalent to those of 
Fig. A-1. On the other hand, as K approaches infinity, the vari- 
ation in period as a function of Vpj) is reduced to zero. This 
result is shown in Fig. 5, where period as a function of trans- 



Fig. 5 — Discrete RC-oscillator time period as a function of transfer 
voltage. 

fer voltage is plotted for different value of Vj)d and K, and 
Fig. 6, which shows period as a function of K for different 
values of Vdj). Variation in period with transfer voltage is 
also reduced as K increases. This variation decreases from 
10 per cent for K = 0 to about 5 per cent as K gets large. 

There are some obvious limitations in the value of R5 that 
can be used. Besides the disadvantages in this circuit if R is to 



Fig. 6 — Discrete RC-oscillator time period asa function of constant, k. 


be made adjustable, the user must be careful with component 
layout, if Rg is made very large, to take advantage of the im- 
provement in stability. A time constant and phase shift is pro- 
duced by Rg and stray wiring and breadboard capacitance, 
see Fig. 7. This shift creates a switching delay in the circuit which 
changes the time period and, in addition, may cause spurious 
oscillations and glitches in the multivibrator circuit. A reason- 
able value for K would be anywhere from 2 to 10, with maxi- ' 
mum and minimum values for Rg determined by the above 
considerations. 




T=-RCln 


(Vtr) (^dd -- Vtr) 

(Vdd + Vd)2 


(0 Appendix B; the equation for the period, T, for this circuit is 
shown in Eq. 2. 


where Vjr is the switching or transfer point of the inverter, 
and Vf) is the diode forward voltage drop. 

Equation (1) shows that the period of the multivibrator, T, 
is sensitive to changes in VpQ, as illustrated by the graph of 
time period, T, vs transfer voltage as a function of Vjjq in 
Fig. 3. In addition to the strong dependence of actual time 
period on the Vpj) chosen, the graph also illustrates that, for 
a given Vpp, a full transfer voltage spread of 30 to 70 per cent 
of Vpp (unit-to-unit worst<ase variations) yields a change in 
time period of about 10 per cent from the nominal 50-per-cent 
transfer-voltage percentage values. 


Rs 

WhenK = -^,Tis: 


(Vtr)(Vdd-^tr) 

(Vdd + Vd)2 




(K )_ Kiypp + Vpl 

(K+1) K lVpp+ V jr] + [VTR-Vpl 

OC I K [Vpp t Vpl 

(K+ 1) [2 Vpp- V jr] +(Vpp-VjR-Vp] ^ 


( 2 ) 


Fig. 7 — RC-oscillator circuit with stray capacitance. 


COS/MOS INTEGRATED RC OSCILLATORS 

The RCA-CD4047A is an integrated RC oscillator that 
eliminates most of the disadvantages of the discrete circuits 
previously discussed. The primary reason for this improved 
performance is the special input-protection circuit which 
allows the capacitor charging waveform to swing above Vpp 
and below Vgg without the need for an external resistor. This 
circuit, shown in Fig. 8, has the same time period and stability 
as the circuit in Fig. 4 for the case where the value of Rg is 
infinite. However, a resistor is eliminated, as well as the dis- 
advantages of a time constant caused by the resistor. 
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There are two additional reasons for expected improvement 
with the CD4047A. First, the transfer-voltage point of the 
input inverter, A, is tested between 33 and 67 per cent of Vqj) 
instead of bet ween 30 and 70 per cent; this narrower test range 
improves stability by reducing unit-to-unit variations. In ad- 
dition, large buffers are used for inverters D and E; this practice 



reduces the effect of changes of device output impedance with 
period stability. A derivation of period, T, for this circuit is 
presented in the Appendix C; the final equation for T becomes: 

(Vtr)(Vdd-Vtr) 

(VdD + Vtr) (2 Vdd - Vtr) ^ ^ 


Figure 9 shows a graph of stability as a function of transfer 
voltage based on this equation. 

The graph of Fig. 9 shows a maximum variation of 5 per 
cent between minimum (2.197 RC) and maximum (2.307 RC) 
time periods. A value of 2.25 RC yields a ± 2.5 per-cent vari- 
ation. Typical values of period variations at high frequencies 
and temperature extremes are included in the published data 
for the CD4047A.1 



Fig. 9 — CD4047 time period as a function of transfer voitage. 


An additional advantage of the CD4047A is a reduction in 
power dissipation as compared to the discrete multivibrators 
discussed previously. Inverter A in Fig. 8 is designed with high- 
impedance components that limit power dissipation during the 
time that the inverter operates in the middle of its transfer 
region. Four additional inverters are used to gradually shift from 
a very -high-impedance inverter at the input to a very -low- 
impedance driver in series with the external timing resistor. 
Calculations for power dissipation and a comparison of Pjjjjj 
for the CD4047A and a discrete oscillator are presented in 
Appendix D; the result is 

Pdlss=2Cv2f (4) 

This equation specifies the power dissipated in the external 
components only. At low frequencies, where most of the 
power will be dissipated in R, power can be minimized by 
using a small value of C, since the formula shows the power 
is a inunction of C and not R. 

Additional power is consumed in the CD4047A chip as a 
function of frequency. Fig. 10 shows curves for theoretical 
minimum power dissipation, actual CD4047A oscillator-power 
dissipation, and discrete oscillator-power dissipation as a 
function of frequency. 



Fig. 10 — Comparison of for discrete oscillator and CD4047 with 

theory. 


CMOS DISCRETE ONE-SHOTS 

Fig. 1 1 illustrates one of several simple monostable circuits 
which can be employed in non-critical timing circuits.^ The 
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Fig. 11 - COS/MOS monostable circuit. 


circuit pulse width is dependent upon the transfer voltage of 
inverter B as time constant RC charges to Vdd from Vsg. The 
pulse width is defined as 


T = 


-RC In 


(VpD - Vtr) 
( Vdd ) 


(5) 


Fig. 12 shows the variation in pulse width as a function of 
transfer voltage for this device. 

There are several alternatives to the circuit shown in 
Fig. 12.2 These alternatives have the advantage of greater 
stability, but at the expense of two time constants required in 
circuit and, in some cases, the addition of a diode. 



Fig. 12 — Simple one-shot time period as a function of transfer voltage. 


COS/MOS INTEGRATED ONE-SHOTS 

The CEM047A, when used in the monostable mode, again 
has several advantages over discrete designs. A high degree of 
accuracy can be achieved with one time constant, and power 
dissipation is lower than with discrete designs. Fig. 13 shows 
that many functions can be achieved with the CD4047A, in- 
cluding leading and trailing-edge triggering, and retriggering. 

The pulse width, Tj^, is expressed below: its derivation is 
given in Appendix E. 


Tm = — RC In 


(Vtr) (Vdd) - Vtr) 

(2 Vdd) (2 Vdd -Vtr) 


(6) 


Fig. 14 is a graph of pulse width versus transfer voltage based 
on the above equation. 

The equations for monostable-mode power dissipation are 
also derived in Appendix E. For a repetitive output on the 
CD4047A, power dissipation can be expressed by the following 
equation; 


2.87SCVdd2 ^ 

Pdiss = ^ (duty cycle) (7) 

% 

USING THE CD4047A - SPECIAL CONSIDERATIONS 

A number of circuit considerations are explained below 
which will aid the user of the CD4047A. 

A clamping circuit is provided on the chip to reduce the 
recovery time (tr) that would normally exist in other mono- 
stable circuits; see Figs. 15 and 16. Fig. 17 shows a plot of 
monostable-pulse-width stability as a function of duty cycle 
for specific R and C external components. Note that there is 
no appreciable change in pulse width until the duty cycle 
approaches 100 per cent. A disadvantage to the clamping circuit is 
that it introduces additional capacitance at the RC common 
node (Fig. 16), which may be noticeable for short pulse widths 
in the monostable mode only. Some diffusion capacitance 
present at the base of the n-p-n transistor is used to quickly 
charge C to Vdd ^he one-shot cycle has terminated. This 
capacitance is multiplied by the beta of the transistor, and is in 
parallel with the external C during the time interval that the 
transistor is on (Vdd “ Vgg < t < V 3 £). Thus, when values of 
C less than 1000 picofarads are used, the actual width will be 
longer than that predicted by the formula. Fig. 18 is a graph of 
actual, typical pulse widths as a function of external C used 
under these conditions. Note that the minimum values of C 
used in the graph are the smallest that can be used in the 
CD4047A to assure proper operation of the circuit. 

The waveform in Fig. 1 5 shows that two positive transitions 
are encountered by the control circuitry in the CD4047A. 

These transitions are necessary to make the output flip-flop at 
pin 10 toggle properly to produce the single pulse needed in 
monostable operation. However, at pin 13, the waveform of 
Fig. 19 results; the pulse width of the spike is equivalent to ||||| 
the propagation delay of the circuit. This spike will normally 
prevent the user from using pin 13 in the monostable mode. In 
the astable mode, however, pin 13 can be used whenever a 
50-per-cent duty cycle and higher drive capability are not 
required. The advantage to the use of pin 13 under these 
conditions is that the frequency of the waveform at pin 1 3 is 
twice that of pin 10 for the same external timing components. 

When the CD4047A is used in the retrigger mode, the 
retrigger input is connected directly to the set input of FF4, 
as shpwn in Fig. 13. This connection means that the output at 
pin 10 will be high during the time that a high level is present 
on pin 12. Thus, if normal one-shot operation is required at 
any time that the circuit is in the retrigger mode, the input 
pulse should be shorter than the expected pulse at the output. 

Note that in the retrigger mode the output pulse width is not 
referenced to the last poative-going edge produced at the 
input because of the asynchronous nature of the circuit. The 
output actually terminates when two internal-oscillator leading 
edges have been received by FF4, after the high level present 
on pin 12 has been removed. The output width variation will 
then be between one and two time constants referenced to the 
trailing edge of the input at pin 1 2, see Fig. 20. 

A section on timing-component limitations is presented in 
the CD4047A data sheet. ^ It should be emphasized that it is 
desirable to use a small value of capacitance wherever possible. 
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INPUTS PROTECTED BY 
STANDARD COS/MOS 
RESISTOR- DIODE NETWORK 



[■ MODIFIED INPUT PROTECTION 
CIRCUIT TO PERMIT LARGER 
INPUT- VOLTAGE SWINGS 


INPUT PIN 12 1 

rA<5F I CLOCK INPUT | 
CASE I FF 4 I 

CASEzCL'^f^'NPUT j 


Fig. 13 — CD4047A logic diagram. 


Fig. 20 — CD4047A retrigger-mode waveforms. 


The circuit will work well even when the value of R approaches 
or exceeds 1 megohm. For very low frequencies, where a large 
value of capacitance is needed, the selection of the capacitor is 
very important. It must be nonpolarized because there is no 
reference ground at either of the two pins to which C is con- 
nected. The capacitor parallel resistance (i.e., leakage) must 
also be at least an order of magnitude higher than the external 
R used. This criterion generally eliminates electrolytic ca- 
pacitors and those made of materials which could produce 
greater leakage current than that permitted for proper circuit 
operation. 

Because of the internal circuit construction, there is no 
guarantee as to what dc level will be present on the output at 
pin 10 or 11 when power is first turned on. If this condition 
must be guaranteed, a system-power on pulse input to pin 9 
can be made to assure that pin 10 will initially be at a low logic 
level. The pulse can be generated from one of the circuits 
shown in Fig. 21. 




Fig. 17 — CD4047A monostabie accuracy as a function of duty cycle. 


TRANSFER VOLTAGE (VtrI-PCR CENT OF VoD 


Fig. 14 — CD4047A one-shot pulse width asa function of transfer voltage. 
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Fig. 15 - CD4047A one-shot RC waveform. 




Fig. 18- CD4047A pulse width as a function of capacitance. 


Fig. 21 - CD4047A power-up reset circuits. 


Although the CD4047A data sheet calls for a minimum 
input pulse duration of 200 nanoseconds at 1 0 volts and 500 
nanoseconds at 5 volts, shorter pulses (due to transients, etc.) 
occur frequently in system applications where the CD4047A is 
used. Such narrow pulses may not be ignored by the CD4047A, 
but may instead cause Q to go high permanently or until a reset 
input occurs. The circuit shown in Fig. 22 eliminates this 
problem by essentially “lengthening” the trigger pulse by 
feeding back through Ry^ and a current pulse whe'n Q goes 
from 0 to a 1 . The particular values shown have been tried and 
found to work well, even for extremely short input pulses 
(less than 20 nanoseconds). 


Ca Ra 

1— VVV 1 

ZOpF lOKfl 9JCS 

Fig. 22 - Input-pulse stretcher circuit. 




Fig. 16 — CD4047A damping circuit. 


Fig. 19 - CD4047A one-shot output at pin 13. 


NOISE DISCRIMINATOR 

Fig. 23 illustrates an application of the CD4047A in a noise- 
discriminator circuit. By adjusting the external time constant, 
a pulse width narrower than that determined by the time 
constant will be rejected by the circuit. The output pulse will 
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ENVELOPE DETECTOR 

The CD4047A can be used as an envelope detector by 
employing it in the retrigger mode, as shown in Fig. 32. The 
time constant is selected so that the circuit will retrigger at the 


Fig. 23 — Noise-discriminator circuit. 

follow the desired input, but the leading edge will be delayed 
by the selected time constant. Fig. 24 shows typical waveforms 
with the circuit in operation. 


TcD4047 'SO/** 

R-22kn 
C * 0.001 

Fig. 28 — Low-pass filter-circuit waveforms. 


Fig. 32 — Envelope-detector circuit. 

frequency of the input pulse burst. A dc level appears at the 
output for the duration of the input pulse train. Fig. 33 shows 
waveforms taken with the circuit in operation. 
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Fig. 24 — Noise-discriminator circuit waveforms. 

FREQUENCY DISCRIMINATOR 

The CD4047A can be used as a frequency-to-voltage con- 
verter, as shown in Fig. 25. A waveform of varying frequency is 
applied to the +TR input. The one-shot will produce a pulse of 
constant width for each positive transition on the input. The 
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Fig. 29 — Low-pass<ircuit waveforms. 

BANDPASS FILTER 

Two CD4047A low-pass filters can be employed to con- 
struct a bandpass filter, as illustrated by the circuit in Fig. 30. 
The pass band is determined by the time constants of the two 
filters. If the output of filter No. 2 is delayed by Cj, the 
CD4013A flip-flop will clock high only when the cutoff fre- 
quency of filter No. 2 has been exceeded; this point is illus- 
trated in the timing diagram in Fig. 30. The Q output of the 
CD40I3A is gated with the output of filter No. 1 to produce 


Fig. 25- Frequency-discriminator circuit. 

resultant pulse train is integrated to produce a waveform whose 
amplitude is proportional to the input frequency. The wave- 
forms of Fig. 26 were taken with the circuit in operation. 




Fig. 26 — Frequency-discriminator-circuit waveforms. 

LOW-PASS FILTER 

A simple circuit using the CD4047A as a low-pass filter is 
shown in Fig. 27. The time constant chosen for the multi- 
vibrator will determine the upper cutoff frequency for the 
filter. The circuit essentially compares the input frequency 
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Fig. 30 — Bandpass filter circuit and waveforms. 

the desired output. Typical operation of the circuit is shown in 
Fig. 31, where the input frequency is swept through the pass 
-band. 




Fig. 27 — Low-pass filter circuit. 

with its own reference, and produces an output which follows 
the input for frequencies less than fcutoff> ^ output 
for frequencies greater than feutoff- ^8 and 29 show 
waveforms with the low-pass filter circuit in operation. 


TpiLTER I • 50 TpiLTER 2 *100 
R-22k R»47k 

C'lOOOpF C'lOOOpF 


Fig. 31 — Bandpass-filter-circuit waveforms. 


Fig. 33 — Envelope-detector-circuit waveforms. 

PULSE GENERATOR 

Several CD4047A units can be connected together to pro- 
duce a general-purpose laboratory pulse generator, as shown in 
Fig. 34. The circuit shown has variable-frequency and pulse- 
width controfi zs well* as gating and delayed sync capability. 
Gating can be controlled from a high- or low-level input. 
Automatic 50-per-cent duty-cycle capability is included, as 
normal or inverted output. 

CD4047A No. 1 is connected as a gated, astable multi- 
vibrator, and, with the RC values shown, can produce over- 
lapping ranges of frequencies from 2 Hz to 1 MHz. For free- 
running operation, the Gate/Free-Run switch is closed, and 
the Gate Level switch is placed in the high-level position. 
Standby operation can be achieved with the Gate Level 
switch in the low-level position. When gating, the Gate/Free- 
Run switch is open, and the Gate Level switch is set to the . 
appropriate position. The gate signal is applied to the Gate In 
jack. 

CD4047A No. 2 is triggered from the gated, astable multi- 
vibrator, and produces a narrow sync pulse which can trigger an 
oscilloscope or generator. The sync pulse is obtained from the 
Sync Out jack. 

If a 50-per-cent duty cycle is desired, the Duty Cycle switch 
is set in the 50-per-cent position, and the output is obtained 
from CD4047A Nc^ 1 . The Signal Polarity Switch determines 
whether the Q and Q output is used. 

CD4047A No. 3 produces a variable, delayed (from 1.5 
microseconds to 250 milliseconds) output with respect to the 
sync pulse when the Delay switch i^in theJN position. This 
one-shot is bypassed when the Delay switch is in the OUT 
position (the inherent delay is approximately 400 nanoseconds). 

CD4047A No. 4 is a monostable multivibrator which re- 
ceives trigger pulses from CD4047A No. 1 or No. 3. It can 
produce overlapping ranges of pulse widths from 1.5 micro- 
seconds to 200 milliseconds with the values shown. 

The signal output is buffered with the CD4041A to 
allow the pulse generator to drive any required load. The 
circuit shown has the advantages of being compact, battery- 
powered, and COS/MOS compatible. In addition, it is capable 
of being run from the same power supply as the device under 
test to assure that the input levels are. the same as Vqq when 
the power-supply voltage is varied. 


MISCELLANEOUS APPLICATIONS 

The basic properties of good stability in the astable mode, 
and stable pulse delay and width control in the monostable 
mode, make the CD4047A a useful building block in many 
systems, such as PMOS clock generation, audio tone gener- 
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at'ion, semiconductor memory systems, semiconductor memory 
exercisers, and general-purpose functional-testing systems. This 
Application Note will serve as a guideline in incorporating the 
CD4047A in a system design. 
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Fig. 34 - Pulse-generator circuit. 


Appendix A - 

Calculation of the Period of an Astable Multivibrator Using a Single RC Time Constant 



92CS- 22657 

Fig. A-1 - RC oscillator waveform for the circuit of Fig. 1. 


In Fig. A-1 ; 
tj; Vtr = (Vdd + VD)e‘ 
Vtr 


,ti/RC 


-RCln 


Vdd + Vd 

*2- ^DD - Vtr = (Vdd + Vd) e 
VdD-Vtr 


t 2 = RC In 


Vdd + Vd 


And the period of an astable multivibrator using a single RC 
time constant is: 


T = t] +t2 = -RCln 


(Vtr) (VpD - Vtr) . 
(Vdd + Vd)^ 


Appendix B - 

Analysis of Circuit Shown in Fig. 4 



Fig. B-1 - RC waveform for the circuit of Fig. 4. 


In Fig. B-1 ; 

*1- Vtr = (Vdd + Vd)® 

tj = -RCln 


-ti/RC 


Vdd + Vd 
t2: Vdd - Vtr = (Vdd + Vd) ® ~^2/RC 
Vdd - Vtr 


t 2 = -RC In 


Vdd + Vp 
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Fig. B-2 — Initial conditions for solving period tj^. 


Eq. (B-1) is solved for V; the final voltage across the 
capacitor is 


(B-2) 


where Cj = = initial voltage across capacitor 


K] 


Rs'*' ^ 

RsRC 


K2 = 


VpR - Rs VpD 
RgRC 


Circuit initial conditions are shown in Fig. B-2. In the 
figure 


By inserting these values into Eq. (B-2) and setting the 
final voltage across the capacitor, V, to Vp, ty^ becomes 


^ v + Vdd V + Vpp - (Vpp + Vp) _ [ RsKC 1 Rs [VpD + Vp] 

dt R Rg ^ ^ .Rs RJ Rs [Vpp + Vjr] + R [VjR - Vp] 


^TR~^DO 

vdd 
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Insertion of these values into Eq. (B-4), with 
V = -Vp yields 

r RsRC 1^ Rs IVdd + VdI 

^ [rs + rJ Rs [2 Vpp -V jrI + r [Vpp-VjR- Vp] 


andT = tj +12 + 1^ + 13 


Fig. B-3 - Initial conditions for solving period 


Circuit initial conditions as shown in Fig. B-3. In the 
figure 


dv Vpp-V Vp + V 
dt R R5 


(B-3) 


Solving Eq. (B-3) for V the final voltage across the 
capacitor, yields 


V=C2e 


-KitB 


Kl 


(B-4) 


The equations for ty^, tg, and T can be simplified by 
expressing Rg as a multiple of R. Let 

Rs 

K = — and combining the expressions for tj and t2. The 
resulting expression for T is 

(Vtr) (Vdd “ ^tr) 

T = -RC In T 

(Vpp + Vd)2 



RCln 


K[Vdd + Vd 1 

K (Vpp + Vtr] + [Vtr-Vd] 


where C2 = Vjg — Vpp = initial voltage across capacitor 
Kj , K2 are same values as for above for ty^. 



Kiypp^vpi 

12 VpD - Vtr] + (Vdd- Vtr - Vp] 


Appendix C — 

Calculation for Period of Astable Multivibrator Using Integrated Techniques 
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F/,/. C-1 — CD4047A RC oscillator waveform. 


In Fig. C-1 

ti: VxR=(Vpp + VTR)e 

Vtr 


-ti/RC 


ti=RCln- 

Vpp-H VjR 

VdD - Vtr = (2 Vpp - VjR)e -t2/RC 
Vpp - VjR 


t2 = -RC In 


2 Vpp -V tr 


And the period of the astable multivibrator using integrated 
techniques is 


p^, /Vtr)(Vdd-Vtr) 

" (Vpp + Vtr) (2 Vpp -V tr) 
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Appendix D — 

Power Needed for Charge and Discharge of an External Capacitor During One Cycle 



■ /•T/2 , . 

j (l.5VDDe-t/RC) 

(^)0-5VDD)e-'/RC^ 


92CS-?2655 

Fig. D'1 - Waveform for catcuiating power dissipation. 


4-5C VpD^ 

T RC J 


_H5£VdD^ ,-2t/RC 


Assume for this calculation that = 50-per-cent Vpp, * | o 

and that T = 2.2 RC. Since charge and discharge cycles are 

symmetrical, the calculation can be performed by analyzing Substituting T = 2.2 RC 
a discharge cycle only. See Fig. D-1. 

P=-£(2.2S)Vdd 2 le-2-2-J| = 
W- , C .-t/RC T 


( ^)0 -5 Vdd) (e 


Appendix E — 

Equations for Pulse Width T|yi of CD4047A in Monostable Mode 

t] -. Vtr= 2 Vppe -M/RC 

Vtr 

t| = RC In 

2 Vpp 



Fig. E-1 - CD4047A RC waveform, monostab/e mode. 

Note that the waveform in Fig. E-1 is not symmetrical because 
the timing capacitor is initially charged to Vpp. In the 
monostable mode, the circuit goes through one cycle only. 


t2- '^DD-'^TR'=(2 VpD- VjR)e ^2/^^ 

Vdd-Vtr 

And the equation for the pulse width, Tjyj, of a CD4047A in 
the monostable mode is: 


Tiu = ti + to = — RC In 


(Vtr) (VpD - Vtr) 

(2 VDD) (2 VpD - Vxr) 


Monostable Power Dissipation 

To calculate the power dissipation for the circuit in the 
monostable mode, refer to Fig. E-1 . If it is assumed that 
VjR = 50-per-cent Vpp, Fig. 14 shows that Tj^ = 2.485 RC. 
t 2 is the same as in the astable calculation, i.e., t 2 = 1 .10 RC 
and P^2 “ CV2f for Vjr = 50-per-cent Vpp. Thus, tj in the 
monostable mode = 2.485 RC - 1 .10 RC = 1 .385 RC. 


1 r rH 

eVdv /• 

‘2 CV dv 

p = r" / 

~dt + 

dv 

[7c, 

dt J 

•'ll 

dt 

- r 

dt. 

— CV2 

7o| 

dt 

Tm 


~ ^ ' (2 Vdd c '' 

— lYddir'' e ^'/RCd, 

Cm RC J 


-T' 2Vdd2e-2l/RC t, 
*M 


Substituting 1 1 = 1.385 RC 
a = 2Vdd2 [e-2.77 .. j] . 


1 .875 C Vdd2 


where V -2 Vn 


C Vdd-^ 

P = Pti+Pt2 = (1.875+l)-j— =2.875 

For a repetitive output from the CD4047A 
2.875 C Vdd2 

P 2 ; X duty cycle 
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COS/MOS Interfacing Simplified 


by D. Blandford and A, Bishop 

COS/MOS with its wide range of operating supply voltages, 
low input current, and low power consumption, interfaces 
easily with many electronic devices. In addition, COS/MOS 
circuitry can easily he added to a system and can often be 
operated from the existing power supply. Examples of practical 
circuits for a wide variety of interfacing situations are given in 
this Note; design constraints are included in each case. 

Note that the CD4000 Series type numbers are followed by 
a suffix letter, A or B, which specifics the maximum operating 
voltage for the device: A, 3 to IS volts; B, 3 to IS volts. The 
outputs of all B-type devices are buffered and have the same 
output drive current and equal source and .sink capabilities. 
Table I shows some characteristics of B-type devices. 


essentially “capacitive”, which means that many COS/MOS inputs 
may be driven by a single TTL output. The actual number 
depends on the frequency of operation. 

In the COS/MOS to TTL interface. Fig. 3, the requirement 
is to sink sufficient current in the low output state at a maxi- 
mum output voltage of 0.4 volt. Table III gives the current 
sinking capability of some CD4000-scries devices. Note that 
all B-lype devices have the .same standard output drive and are 
capable of sinking two low-power TTL loads, worst case. For 
the higher power types of TTL, the CD404‘)A and CD4050A 
buffers may be used. Tabic IV shows the minimum and typical 
fanout for each TTL family. 'Die buffer takes its power from 
the 5 -volt TTL supply and has an additional advantage in that 


Table IV-Fanout of CD4049A and CD4050A Buffers to TTL 


Buffer Fanout 

Minimum 

Typical 


TTL Family 

74 74H 74L 74LS 74S 

I I 14 7 I 

3 2 2S 14 2 



Fig. 4— TTL to COS/MOS at a greater than 5 volts. 


Table I — Output Drive Current— B-Type Devices 
Output BD, BK, BF, BH BE 


Drive 

Symbol 

Vdd 

Vo 

- 550 c 

+ 25 OC 

+I 250 C 

-40OC 

+ 25 OC 

+ 85 OC 

+ 25 OC 

Units 

Current 


Volt 

Volt 

Min. 

Min. 

Min. 

Min. 

Min. 

Min. 

Typ. 


Sink 

IdN 

5 

0.4 

0.5 

0.4 

0.3 

0.45 

0.4 

0.36 

0.8 

inA 

10 

0.5 

1.1 

0.9 

0.65 

1.0 

0.9 

0.75 

1.8 

mA 



5 

4.6 

-0.5 

-0.4 

-0.3 

-0.45 

-0.4 

-0.36 

-0.8 

niA 

Source 

IdP 

5 

2.5 

-2.0 

-1.6 

-1.15 

-1.8 

-1.6 

-1.3 

-3.2 

mA 


10 

9.5 

-1.1 

-0.9 

-0.65 

-1.0 

-0.9 

-0.75 

-1.8 

mA 


COS/MOS to TTL 

In interfacing TTL with COS/MOS with a common power 
supply of between 4.5 and 5.5 volts, the guaranteed active- 
pull-up TTL output voltage of 2.4 volts is lower than the 
minimum COS/MOS input voltage required to guarantee 
switching, 3.5 volts. Fig. I. This difference is overcome by the 
use of an external resistor, R)( in Fig. 2. which is also the re- 
sistor to be used for open-collector-output TTL at a Vqq of 
5 volts. The minimum value of is fixed by the maximum 
sink current, e.g., 1. 6 milliamperes for 74-series TTL, its 
maximum value by Iqj.j, the off leakage of the output sink 
transistor. As shown in Table II, the values of Rj( between 
1.5 and 4.7 kilohms are suitable for all the TTL families under 
worst-case conditions. Tlie COS/MOS input impedance is 


it can accept input voltage swings of 5 to 15 volts from the 
preceding COS/MOS system. 

4.5 TO 5.5 V 

9 
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Fig. 3 -COS/MOS to TTL interface. 


TTL 


COS/MOS 


/logic I J 

/OUTPUT^ 

V|h(MIN) 

VoH<MINt 

/ / / / / . 

/LOGIC 1 / 

3.5 V 

INOETER- 


VjlIMAX) 

REGION 

1. 5 V 

F/'A77/\ 

Vcn_(MAX) 

/ LOGIC '0/ 

0 V 


LOGIC 0 
OUTPUT 


Fig. 1—TTL to COS/MOS voltage levels. 


To gain improvements in speed and noise immunity in a 
system using a COS/MOS supply voltage greater than +5 volts, 
high-voltage open-collector TTL circuits such as the 7416, 
7417 or 7426 may be used, as shown in Fig. 4. The value of 
the pull-up resistor Rx will depend on the actual value of 
Vdd; 10 volts, 39 kilohms would be suitable. 

COS/MOS to HNIL 

Tire wide operating-voltage range and low power con- 
sumption of COS/MOS circuitry enables it to operate from the 
HNIL power supply. Most CD4000A circuits will drive the 
HNIL input directly; for example, in Fig. 5, the CD4081B 
output sinks the required 1 .4 milliamperes at an output voltage 
typically less than 0.5 volt. The HNIL output-voltage levels, 
0.8 volt and 10 volts, enable it to interface directly with the 
COS/MOS input with good noise immunity. 
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Fig. 5-COS/MOS to HNIL to COS/MOS interface. 


COS/MOS to DTL 

Tlie COS/MOS to DTL interface requires a buffer, such as 
the CD4049A shown in Fig. 6, to sink the DTL input current 
of 1 .5 milliamperes at 0.4 volt . Fanout to DTL circuits depends 
on the sink-current capability of the COS/MOS buffer used. 
For the CD4049A and CD40.50A, typical fanout is 3. 

The DTL to COS/MOS interface requires no special con- 
sideration because the internal pull-up resistor in DTL circuits 
and the extremely low input current of COS/MOS circuits 
ensures a high logic level almost equal to the power-supply 
voltage. 



Fig. 6-COS/MOS to DTL to COS/MOS interface. 


4 5 TO 5.5 V 
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Fig. 2-TTL to COS/MOS interface. 

Table II— Values of Rxfor TTL— COS/MOS Interface 

Characteristic 74 74H 74L 74LS 74S 

Rx min. (ohms) 390 270 1.5k 820 270 

Rx max. (kilohms) 4.7 4.7 27 12 4.7 


Table III— Minimum Current-Sinking Capability of COS/MOS Devices 
COS/MOS Sink Current (mA at 25°C 


Type 

Description 

Vq = 0.4 Volt, Vdd = 5 
Ceramic Plastic 

CD4000A 

Dual 3-Input NOR Gate Plus Inverter 

0.4 

0.3 

CD4001A 

Quad 2-lnput NOR Gate 

0.4 

0.3 

CD4002A 

Dual 4-Input NOR Gate 

0.4 

0.3 

CD4007A 

Dual Complementary Pair Plus Inverter 

0.6 

0.3 

CD4009A/49A 

Inverting Hex Buffer 

3.0 

3.0 

CD40I0A/50A 

Non-Inverting Hex Buffer 

3.0 

3.0 

CD4011A 

Quad 2-lnput NAND Gate 

0.2 

0.1 

CD4012A 

Dual 4-Input NAND Gate 

0.1 

0.05 

CD404IA 

Quad True/Complement Buffer 

0.4 

0.2 

CD4031A 

64-Stage Static Shift Register 

1.3 

1.3 

CD4048A 

Expandable 8-lnput Gate 

1.6 

1.6 

CD4XXXB 

Any B-Type Device Output 

0.4 

0.4 
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COS/MOS to 10k ECL 

COS/MOS and 10k ECL are not normally interfaced, but 
they can be readily by using the 10124 and 10125 devices 
which are intended for conversion between ECL and TTL. This 
interface requires that the COS/MOS device be operated at a 
5-volt Vqp), as shown in Fig. 7. Where greater speed is 
required of the COS/MOS system, it can be operated with 
Vdd ‘d the ECL ground and Vgg at - 12 volts. In the latter 
case, a 1N914 diode clamps the COS/MOS output to Vgj; as 
shown in Fig, 8. At supply voltages greater than 6 volts, a 
COS/MOS buffer should not be used, as over-dissipation will 
occur in the buffer. 
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Fig. 7-1 Ok ECL to COS/MOS and COS/MOS to Wk-CCL interface. 



Fig. 8-COS/MOS at 12 volts to lOk-ECL interface. 


COS/MOS to NMOS 

The increasing use of n-channel MOS memories means that 
interfaces between COS/MOS and NMOS are now common. 
In a system of Ih memories, such as the type 2102, which 
employ peripheral COS/MOS circuitry for address, read/write, 
chip select and data handling, the COS/MOS circuitry can be 
supplied from the 5-volt power supply of the memory. Inputs 
to the memory are then COS/MOS compatible, and direct 
interface is permitted. The data output requires only a single 
pull-up resistor, R^, as shown in Fig. 9, to ensure an 
acceptable higli-state output voltage. 



Fig. 9-Direct interface between COS/MOS and 
a Ik memory, type 2102. 

A 4k-bit, dynamic, n-channel RAM, such as the 2I07A, 
has + 12-volt and -5-volt supplies as well as the +5-voIt V(]q 
supply, as shown in Fig. 10. The COS/MOS peripheral cir- 
cuitry in this system is probably best operated from the + 12- 
volt supply, ensuring good speed characteristics and noise 
immunity. TTie 5 -volt input signals to the memory are pro- 
vided by CD4050A buffers powered by the 5-volt 
supply. The 12-volt-swing chip-enable signal is directly com- 
patible with the 12-volt COS/MOS system. The data output 
uses a single transistor to generate the required 12-volt logic 
swing; memories added to provide an increase in word 
capacity are wirc-OR’ed at the data output pin of the memory. 



Fig. 10— COS/MOS to n-channel dynamic-RAM interface. 


COS/MOS to PMOS 

Silicon-gate PMOS static shift registers operating from 
+5 -volt and -12-volt supplies are directly compatible with a 
COS/MOS system operating from the +5 -volt supply with 
Vg 5 at zero volts. The only additional component required 
is a clamp diode to Vgg on the data output, as shown in Fig. 
1 1 , because the unloaded PMOS output voltage will go 
negative in the low output state. 


0 V -f-5 V -12 V 



COS/MOS to Industrial and Power -Control Circuits 

Industrial control systems employ greater logic swings 
than 1C logic systems, such as COS/MOS, to achieve high 
noise immunity and to enable them to operate from readily 
available high-voltage supplies and to interface with electro- 
mechanical equipment. 

Fig. 12 shows a simple, resistive-divider circuit used to 
interface a system with a 24-volt logic swing to COS/MOS; 
the circuit could readily be modified for even higher voltage 
swings. The capacitor filter enhances the excellent noise 

-no V 

COS/MOS SUPPLY 



Fig. 12- Industrial control to COS/MOS interface. 


immunity of the COS/MOS logic, and the two clamp diodes 
ensure that the input signal voltage is between Vpf) and 
Vss- An alternative circuit using a zener diode is shown in 
Fig. 13. 

A single-transistor level-converter interfaces a COS/MOS 
device to an industrial control system, as shown in Fig. 14. 
The transistor is driven directly from the COS/MOS device 
output (Fig. 23 describes the method of calculating the 
values of the resistors needed in Fig. 14). 


-t-IO V 
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Fig. 13— Zener diode industrial control interface. 



Fig. 14-COS/MOS to industrial control interface. 


The slow pulse edges typically found in an industrial 
control system can be speeded up in the COS/MOS system by 
a Schmitt-trigger circuit, the CD4093B, Fig. 15(a). At a 
Vdd ^ volts, Vfj is typically 0.6 volt. Fig. 15(b). 



Fig. 15— (al COS/MOS Schmitt-trigger, (b) typical waveforms 
for Schmitt-trigger. 

A high-power coil, such as the solenoid of a printer 
hammer, which requires about 1 ampere at 70 volts, may be 
driven from a COS/MOS system by using a Darlington 
transistor as shown in Fig. 16. A typical value of Vgg for a 
type 2N6385 transistor is 1 .5 volts at a collector current of 
1 ampere and a minimum gain of 1000, so that the output 
source transistor of the CD4073B has to supply 1 .5 milli- 
amperes. The value of resistor R is chosen so that Vds is 
sufficient to guarantee this output current. Suitable values 
of R for use with a B-type device are given in Fig. 16 for a 
Vdd volts. 



Fig. 16— COS/MOS system driving a printer-hammer solenoid 
with the aid of a Darlington transistor. 
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Power-conirol SCR’s and triacs may also be driven 
lirectly by COS/MOS outputs. A sensitive-gate SCR, such as 
he I06BI, may be controlled directly by a COS/MOS gate, 
uch as the CD4069B, and thus be able to control directly 
1.5 amperes at reverse voltages up to 600 volts, as shown in 
•ig. 17. 


'^00 



Fig. 1 7~COS/MOS directly drivirtg a sensitive-gate SCR. 

SCR’s and triacs with gate currents in the milliampere 
egion may be controlled by a buffer, such as the CD4049A. 
Phis buffer could, in turn, be controlled by a COS/MOS 
ystem or, as in Fig. 18, by an opto-coupler to provide 
'reater isolation. 



Fig. 21 shows a CA74l-type op-amp operated between 
Vqq and Vgs with a resistive divider on the non-inverting 
op-amp input. 
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Fig. 21 -Interface of op-amp and COS/MOS with common supply rail. 
COS/MOS Driving Displays 

Digital systems now employ a great variety of digital 
displays, so that their interface to COS/MOS is a common 
requirement; 

COS/MOS TO LED'S 

LED’s may be driven directly from a COS/MOS buffer, 
such as the CD4050A shown in Fig. 22, at a drive current of 15 
milliamperes if a power supply of approximately 10 volts is 
available. 

Seven-segment LED displays connected in either common 
anode or common cathode configurations may be driven at 
supply voltages as low as +5 volts by the seven-transistor 


NOR GATES 

DRAIN-TO-SOURCE VOLTS (V03I 

-15 -12.5 -KJ -7,5 -5 -2.5 0 



Fig. 24-CD4001 A-typica! p-channel drain characteristics. 


''do Vcc 



Fig. Id-High-voltage logic to COS/MOS driving an SCR. 


In cases where a single-gate output source or sink current 
iroves insufficient, it is possible to parallel the inputs and 
jutputs of gates on the same chip, as in Fig. 19. Gates not on 
he same chip and buffer circuits should not be operated in 
jarallel as over-dissipation may result. 



Fig. 19— Paralleling inputs and outputs. 


Interfacing Op-Amps to COS/MOS 

COS/MOS circuits may be connected directly to the out- 
put of an op-amp operating between -the normal ± 15-volt 
supply rails, as in Fig. 20, provided clamp diodes to Vqq and 
VgS are used to ensure that the COS/MOS input voltage does 
not go outside the range Vgg'to Vqq. Resistor R3 limits the 
op-amp output current should the op-amp output voltage tend 
toward the negative rail. 



Fig. 20-Split-rail op-amp to COS/MOS interface. 


+ 10 V 
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Fig. 22-COS/MOS buffer driving an LED. 


arrays CA3081 and CA3082. Fig. 23 shows one of the seven 
transistors of the CA308I with an LED load. The figure also 
shows the method of calculating Rj, and R^.. The base drive 
current available depends on the CD4000A Series device used 
and the values of Vjjp and Vj)^. As shown in Fig. 24, the base 
drive current increases with both Vqq and Vj)§. Fig. 25 
shows one of the seven transistors of the CA3082 driving a 
common-cathode LED. The method of calculating the value of 
emitter resistor Rg is also shown in Fig. 25. 



„ ''cc-vled-''ce(sat) 

R, 
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Fig. 23— COS/MOS driving a transistor that has an LED load. 


Fig. 2S-COS/MOS driving a transistor with a common-cathode- 
connected LED load. 


COS/MOS TO LCD 

Seven-segment liquid-c-ystal displays may be driven directly 
by COS/MOS circuits CD40S4A, CD4055A or CD4056A, as 
shown in Fig. 26. These circuits contain the internal level- 
shifting circuitry needed to convert the typically 5-volt input 
logic-level swing to the 30-voIt peak ac signal required to 
drive the dynamic-scattering LCD. 



Fig. 26-Using the CD4055A to drive a liquid crystal. 


COS/MOS TO GAS-DISCHARGE DISPLAY 

The popular seven-segment gas-discharge display requires 
a cathode drive current that varies from segment to segment. 
Manufacturers supply drivers which are COS/MOS compatible 
at their inputs so that they can interface a COS/MOS system to 
the gas-discharge display without additional circuitry. 
REFERENCE 

1. “COS/MOS Digital Integrated Circuits”, RCA DATABOOK 
Series SSD-203B, 1975. 
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Applications of the RCA-CD4093B 
COS/MOS Schmitt Trigger 

by D. J. Blandford 


This Note describes the characteristics and some typical 
applications of the CD4093B COS/MOS quad two-input NAND 
Schmitt Trigger. The CD4093B may be used in all applications 
in which the logical NAND function is required and, in addition, 
in a whole range of timing, waveshaping, and interfacing appli- 
cations in which the Schmitt Trigger action on the inputs 
is utilized. 

CHARACTERISTICS 

The CD4093B consists of four Schmitt triggers in a fourteen- 
pin package. Each of the four devices is a two-input NAND 
gate with Schmitt action on each input, yielding a typical 
hysteresis voltage of 2.0 volts with a 10-volt supply without 
the need for any external components. In addition, the 
CD4093B is compatible, pin for pin, with the popular 
CD4011A quad NAND gate, has the balanced and standard- 
ized output drive of the 18-volt COS/MOS “B” series types, 
and has low propagation delay and very low power dissipation. 
Table I summarizes these characteristics. 


If now the input voltage is reduced, the output stays low 
(Vss) until Vn is reached. At this point the output goes high 
(Vdd) aud remains high as the input voltage is reduced to zero 
(Vss) - The hysteresis voltage is the difference between Vp and 
Vn and is typically 0.6 volt for a 5-volt Vdd aud 2.0 volts for 
a 10-volt Vdd- 



Fig.2 — Transfer characteristic of the CD4093B. 


TABLE ! 

Static and Dynamic Electrical Characteristics at 25^ C 


CHARACTERISTIC 

SYMBOL 

Vo 

VOLTS 

Vdd 

VOLTS 

TYPICAL 

VALUES 

UNITS 

QUIESCENT DEVICE CURRENT 

IL 


5 

0.001 

pA 




10 

0.001 

pA 

OUTPUT VOLTAGE LOW LEVEL 

VOL 


5 

0 

V 




10 

0 

V 

HIGH LEVEL 

VOH 


5 

5 

V 




10 

10 

V 

NOISE IMMUNITY 

Vnl 

5 

5 

2.6 

V 



10 

10 

5.2 

V 


Vnh 

0 

5 

3.0 

V 



0 

10 

6.5 

V 

OUTPUT DRIVE CURRENT SINK 

IqN 

0.4 

5 

0.8 

mA 



0.5 

10 

1.8 

mA 

SOURCE 

idP 

4.6 

5 

-0.8 

mA 



2.5 

5 

-1.8 

mA 



9.5 ‘ 

10 

-1.8 

mA 

POSITIVE THRESHOLD VOLTAGE 

Vp 


5 

2.6 

V 




10 

5.2 

V 

NEGATIVE THRESHOLD VOLTAGE 

Vn 

1 

5 

2.0 

V 




10 

3.5 

V 

HYSTERESIS VOLTAGE 

Vh 

1 

5 

0.6 

V 




10 

1.7 

V 

PROPAGATION DELAY TIME 

tPHL, 


5 

190 

ns 

Cl = 50 pF 

tPLH 


10 

100 

ns 

TRANSITION TIME 

tTLH. 


5 

100 

ns 

Cl = 50 pF 

tTHL 


10 

50 i 

ns 


Fig.l shows the functional diagram of the Schmitt trigger; 
note that each input has the standard COS/MOS input pro- 
tection network and that each output is double buffered. 


1(5,6,12) 

216,9,13) 


— [>>-o 


3(4,10,11) 


''dd 





Vss 92CS-23eei 


Fig. 1 - Functional diagram of the CD4093B, COS/MOS Schmitt trigger. 

One of four Schmitt triggers is shown. 

Fig.2 shows the transfer characteristic of the Schmitt 
trigger. The general shape of this characteristic is the same 
for all values of Vdd, but the relative values of Vp,Vn and 
Vh change with Vdd as shown in the data sheet. As the input 
voltage is increased from zero (Vgs), the output remains high 
(Vdd) until Vp is reached. At this point the output goes low. 
(Vss) 3nd remains low as the input voltage is raised to VdD- 


Fig.3 shows a graph of the typical hysteresis voltage Vjj as a 
function of supply voltage VdD- 

Fig.4 shows the input/output characteristics of the CD- 
4093B; the output characteristic shown is the same for any 
COS/MOS output, including the Schmitt trigger. The input 
characteristic is unique to the Schmitt trigger and shows that, 
when driven by another COS/MOS device, the Schmitt trigger 
has more than 50-percent noise immunity in each state. 



Fig.3 - Typical percent hysteresis vs supply voltage. 


Figs.5 and 6 show measurements of voltage anti ener 
noise immunity for the Schmitt trigger. Fig,5 shows, f 
example, that for a Vdd of 5 volts, the noise immunity in ca 


COS/MOS C04093B 



Fig.4 - Input and output characteristics. 


State exceeds the supply voltage (5 volts) for pulses shorl 
than 200 nanoseconds. The energy noise immunity plott 
in Fig,6 against pulse width, is the product of noise-pulse vo 
age, noise-pulse time, and the appropriate value of the outp 
drive current for the device under test. The units of energy a 
nanojoules (10‘9 Joule). At each value of the supply volta 
the cirrve has a minimum value. Inspection of Fig.6 shows th 
the value of the minimum energy noise immunity increas 
with increasing Vdd, and occurs at a lower value of noi; 
pulse width. 
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Fig.5 - Voltage noise immunity of the CD4093B. 


Another important property of the Schmitt trigger 
illustrated in Fig.7, which compares the supply current tal< 
by the CD4093B with that of the CD401 lA, with a long ri 
and fall-time input. The power dissipated by the Schn 
trigger is clearly much less than that dissipated by the qi 
NAND gate, so that the Schmitt trigger should be used in ap] 
cations in which slow input edges are anticipated. 

APPLICATIONS 

The application of the CD4093B COS/MOS Schmitt trig 
in situations which require the logical NAND function and 
timing, waveshaping, and interfacing applications in which 
Schmitt trigger action on the inputs is utilized are discus 
below. 
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92CS-25927 



92CS-25928 

Fig.6 - Energy noise immunity of the CD4093B. 



(a) CD4093BE: 


Top vertical — 5V/Division 
Lower vertical — 2mA/Division 
Horizontal - 0.2/0ivision 



(b) CD4011AE: 

Top vertical — BV/Division 
Lower vertical — 2mA/Division 
Horizontal - 200ms/Division 


Fig. 7 - Power consumption with slow input edge; a comparison of the 
C 04093 B with the CD40t1A. 


Waveshaping 

Sine Wave to Square-Wave Converter — Fig.8 shows a typical 
application of the Schmitt trigger, the sine-wave to square- 
wave converter. The sine input is ac coupled by capacitor 



C; Ri and R2 bias the input midway between Vn and Vp, the 
input threshold voltages, to provide a square wave at the output. 

Slow Edges - Slow edges are a common phenomenon in digital 
systems: for e.xample, at the output from a transducer, at the 
end of a long line, or an output with large capacitive load, or 
on the output of a filter. The Schmitt trigger is particularly 
useful in generating a waveform with fast edges in these 
applications, see Fig.9. 



CD4093BE: 


2V/Oivision 

2ms/Oivision 


92CS-26635 


Fig.9 — Sharpening up a stow edge. 


With an input edge time of 1 second and an output tran- 
sition time of 1 00 nanoseconds, the improvement in edge time 
is a factor of lO^. With longer input edge times the improve- 
ment is even greater. 

Timing — In general, timing circuits use external resistors and 
capacitors to provide time constants. The advantage of the 
CD4093B COS/MOS Schmitt trigger in these applications is 
that the very high input impedance permits the designer to 
use high values of timing resistance. Therefore, long delay 
times may be produced with moderate values of capacitance, 
and small, low-cost capacitors may be used for short and 
medium time delays. 

Edge Delays — In the circuit of Fig. 10, the output falling edge 
is delayed with respect to the input leading edge by a time td+ 
given by: 


td+ = RC In 


VPD 

VDD-Vp 


When the input goes high (Vdd) the capacitor charges up 
towards V[)d through R. When input B reaches Vp, the out- 
put goes low (Vgs). As soon as input A goes low, the output 
goes high. 




Fig. JO ~ Delay on leading edge. 


By connecting one input to Vdd. as in Fig.l 1, both edges 
are delayed, because now, when input A goes low, output C 
remains low until capacitor C discharges to Vn. At this time, 
the output goes high. td_ is given by: 



92CS-2593I 

Fig. 7 / — Delayed pulse. 


Both edges may be separately delayed by connecting 
different RC timing components to each input, as in Fig. 12. 
Now td+ and td_ are given by: 

VPD 

td+ = ^2^2 In vpp Vp 

ld_ = R|C|ln 



92CS-25932 


Fig. 12 — Separate delay to each edge. 

Edge Detector — Fig. 13 shows a circuit that provides a short 
negative-going output pulse for every positive-going edge at 
the input. The input waveform is coupled to the input by 
capacitor C; the pulse length depends, as before, on R and 
C. If a negative going edge detector is required, the circuit 
of Fig. 14 should be used. 



92CS-25933 

Fig. 13 — Rising-edge detector. 
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Fig. 14 ~ Falling-edge detector. 

Power-On Reset 

A reset pulse is often required at power-on in a digital logic 
system. This type of reset pulse is ideally provided by the cir- 
cuit of Fig. 15(a). Because of the high input impedance of the 
Schmitt trigger, long reset pulse times may be achieved without 
the excess dissipation that results when both output devices are 
on simultaneously, as in an ordinary gate device. Fig. 15(b). 



(a) (b) 

9acS-29935RI 


Fig. IS — Reset circuit; a Comparison of the CD4093B with the CD401 1 • 


associated waveforms. Before power is applied, input and out- 
put are at ground potential and capacitor C is discharged. On 
power-on, the output goes high (V^j)) and C charges through 
R until Vp is reached; the output then goes low (Vgs). C is 
now discharged through R until Vn is reached. The output 
then goes high and charges C towards Vp through R. Thus 
input A alternately swings between Vp and Vn as the output 
goes high and low. One important advantage of this circuit 
is that the oscillator is self-starting at power-on. 


The oscillator period is given by: 


T = T1 +72 


where 

Vdd - Vn 

Tj = RC In 

vdd- V p 

and 


T 2 = RC In 

Vp 

VT 


In general ri r' 2 , so that to get a 1 : 1 i mark-to-space ratio 
the circuit of Fig.l7(a) should be used. When the output is 
tow in the circuit of Fig. 17, C is discharged through R| in paral- 
lel with R 2 , which shortens T 2 . If R 2 isrmuch smaller than Rj , 
short, negative-going pulses are produced, as in Fig. 1 7(b). 




Fig. 17 - Astabie oscillator with contro"ed mark-to-space ratio. 


Astable Oscillators 

A range of astable oscillators may be easily constructed by 
using the CD4093B. Fig. 16 shows the basic circuit and its 


1/4 CD4093B 



9ZCS-2B936 

Fig. 16 - Astabie multivibrator. 


In the circuit of Fig. 18 the oscillator is gated by signal C 
on the second input of the CD4093B. The oscillator output 
is high while the gating signal is low; the oscillator then osc- 
illates with the period t, given above, while the gating signal 
is high. 

Interfacing 

The noise immunity of the COS/MOS NAND Schmitt 
trigger is very high, typically greater than 50 percent of Vjop 
in each state, as shown in Fig.4. Therefore, it is ideally 
suited to circuitry that requires a very high noise immunity. 
Because of the hysteresis built into the Schmitt trigger, it can 
tolerate noise on a slow input edge without false switching at 
the output, as shown in Fig. 19. This noise performance per- 
mits the construction of an ideal interface from an industrial 
environment to a COS/MOS logic system, as shown in Fig. 20. 
The CD4093B will function correctly under the most severe 
conditions of input overvoltage and in spite of noise spikes of 
up to hundreds of volts. . The input is kept between Vss and 
^DD by Dl and D 2 with Rj, typically 220 kilohms, as a 
current-limiting resistor. Resistor R 2 ties the logic input to 



ON 92CS-25938 

Fig. 18 - Gated astabie oscillator. 
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Fig. 19 - Rejection of noise on slow input edge. 


Voo 



*SAME AS OTHER INPUT. 


92CS-Z5939RI 

Fig. 20 — Industrial-environment to COS/MOS interface. 

Vss should the interface input be open-circuited by the re- 
moval of a PC board from a system, for example. Capacitor 
Cl, with Ri, acts as a filter and enhances the noise-rejection 
properties of the interface. 
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Astable and Monostable Oscillators 
Using RCA COS/MOS 
Digital Integrated Circuits 


by 

D. V. DiMassimo & 

A. R. Maslowski 

CIRCUIT TECHNIQUES 

COS/MOS integrated logic circuits are 
being widely used in digital and other appli- 
cations because of their high noise immunity, 
extremely low power dissipation, and toler- 
ance to wide variations in power-supply 
voltages and operating temperatures. In ad- 
dition, because their high input impedance 
makes it possible to obtain large time 
constants without the use of large capacitors, 
COS/MOS gates can provide cost and size 
reductions in multivibrator circuits. ^ 

This Note describes several techniques 
that may be used to compensate for the 
normal threshold variation of MOS devices 
in the design of stable multivibrator circuits 
operating at frequencies up to 1 MHz. The 
circuits shown can be formed by the use of 
COS/MOS inverters or COS/MOS NAND or 
NOR gates connected in an inverter con- 
figuration. NAND and NOR gates perform 
the inverter function when all of the gate 
inputs are tied together. This Note also 
describes various applications for COS/MOS 
multivibrator circuits: voltage-controlled os- 
cillators, voltage-controlled pulse-width cir- 
cuits, phase-locked voltage-controlled oscil- 
lators, frequency multipliers, and modulator/ 
demodulators (envelope detectors). 

Astable Circuits 

The circuits shown in Fig. 1 are those of 
astable multivibrators that use two COS/MOS 
inverters (which may be taken from standard 
RCA COS/MOS parts such as the CD4069B, 
CD4007A, CD4001, or CD4011). Fig. 2 
shows the related waveforms. This simple cir- 
cuit requires only two resistors and one ca- 
pacitor and operates in the following manner. 
Resistor Rg, connected in series with the input 
of the first inverter, limits the current 
through the input protection circuit. Fig. 3. 
In operation, the input to the first inverter 
is clamped at one diode drop above Vj)[) or 
one diode drop below ¥ 55 . Depending on 
the output levels of the two inverters, at any 
instant C will be either j charging or dis- 
charging through R. When the voltage at 
point 2 in the circuit passes through the 
transfer voltage level of the first inverter, 
this inverter switches and causes the second 
inverter to switch. The voltage at this point 


O'^DO 

1 1/3 CD40698 



92CS -27376 

Fig. 1 — Astable mu/tMbr.'*tor circuits that 
employ two COS/MOS inverters. 


® n_rLr 



® 1 \ ! \ L 

T-f, + f2 

92CS- 27377 

Fig. 2 — RC-osciUator operating waveforms. 




Fig. 4 ~ Discrete RC-oscillator time period as a function of transfer voltage. 



Fig. 5 — Discrete RC-oscillator time period as a function of constant, k. 
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is allowed to switch well above Vdj) and 
below Vgg because of R^. The large swing 
reduces the effects of variations in transition 
voltage The variable characteristics of 

the input protection circuit and their effect 
on stability are greatly reduced because of 

Rs- 

The equation for the period, T, of the cir- 
cuits in Fig. 1 is given by Eq. 1 

(VtrXVdd Vtr) 

T=-RCIn ; 

(Vdd^VdF 

(K K|Vdd + Vd] 

_ RC In 

(K+l) K Vjr] + (VyR VqI 

(K ) K[Vdd+Vd) 

RC In 

(K+l) K|2 V[)d V-tr] + [V[)d Vjr Vq) (1) 

where K = 

R 

With the equation in this form it is easy 
to see that as K approaches infinity the 
variation in period as a function of Vj)p) is 
reduced to zero. This result is shown in 
Fig. 4, where period as a function of trans- 
fer voltage is plotted for various values of 
Vdd stid K, and in Fig. 5, which shows^ 
period as a function of K for various values 
of V£)£). Variation in period with transfer 
voltage is also reduced as K increases. This 
variation decreases from 10 percent for 
K = 0 to approximately 5 percent as K 
becomes large. 

There are some limitations on the value of 
Rg. It must not be made too large since a 
time constant and phase shift is produced by 
Rs and stray wiring and breadboard ca- 
pacitance. This shift creates a switching de- 
lay in the circuit that changes the time 
period and, in addition, may cause spurious 
oscillations and glitches in the multivibrator 
circuit. A reasonable value for K would be 
anywhere from 2 to 10, with maximum and 
minimum values for Rs determined by the 
above considerations. 

Table I shows data measured when typical 
units were employed in the circuits of 

Fig. 1. Fig. 6 shows a typical transfer 
characteristic as a function of temperature. 
The curve shows that there is very little 
change in characteristic from low to high 


TABLE I - FREQUENCY VARIATIONS OF ASTABLE MULTI - 
VIBRATORS UNDER NORMAL CONDITIONS 


UNIT 

NO . 

Vtr © 

Vdd -10 V 
( V ) 

PERIOD Ims ) 

CD406gB 

Vdd - 5V 

Vdd -10 V 

Vdd -15 V 

1 

5.27 

0.988 

1.03 

1.07 

2 

5.19 

0.988 

1.04 

1.06 

3 

5.58 

0.990 

1.03 

1.07 

4 

5.26 

0.990 

1.03 

1.07 

.s 

5.25 

^ 

0.991 

1.03 

1.07 

UNIT 

> 

0 

n 

CD4001A 

NO . 

“‘'( V ) 

Vdd - 5V 

Vdd -10 V 

Vdd -12 V 

1 

4.08 

0.998 

1.00 

1.00 

2 

3.92 

0.982 

0.986 

0.990 

3 

4.76 

0.979 

1.01 

1.01 

4 

4.07 

0.974 

0.962 

0.962 

5 

4.42 

0.965 

0.981 

0.991 


Vtr # 




UNIT 

Vdd -10 V 


CD4011A 


NO . 

( V ) 

Vdd-SV 

Vdd - 10 V 

Vdd -12 V 

1 

5.41 

1.01 

1.02 

1.03 

2 

5.08 

1.00 

1.03 

1.04 

3 

5.76 

0.9900 

1.00 

1.01 

4 

5.98 

0.983 

0.996 

1.01 

5 

5.24 

0.996 

1.00 

1.00 


Rs = 0.82 M. R = 0.43 M, C = 910 pF, T = 25“C 


temperature. Because the oscillators can 
also tolerate changes in transfer characteristic 
without frequency instability, they require 
no thermal compensation. The frequency at 
-55°C is extremely close to that at +125°C. 
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Fig. 6 — Transfer characteristic as a function 
of temperature. 

Table II shows data measured on typical 
units at temperature extremes. Theastable 
multivibrators shown in Fig. 1 can be gated 
on and off by use of a NOR or NAND gate 
as the first inverter, as shown in Fig. 7. 


TABLE II - FREQUENCY VARIATIONS OF ASTABLE MULTIVIBRATORS AT TEMPERATURE EXTREMES 


UNIT 

PERIOD (m) 1 

CD4063BE 

CO4001AF 

CD4011AF 

Vdd* 

5V 

Vdd- 

10 V 

Vdd” 

15 V 

Vdd* 

5V 

Vdd* 

10 V 

Vdd- 

12 V 

VOD- 

5V 

Vdd- 

10 V 

Vdd- 

12 V 

NO. 

-55‘’C 

85°C 

-55”C 

8S°C 

-55°C 

8S°C 

-55“C 

126°C 

-55“C 

125‘’C 

-55°C 

125“C 

-SB^C 

126'’C 

-56°C 

125°C 

-55°C 

125”C 

1 

0.960 

0.974 

0.993 

I. Oil 

1.023 

1.047 

0.930 

0.924 

0.934 

0.931 

0.936 

0.943 

0.937 

0.937 

0.950 

0.955 

0.958 

0.960 

2 

0.961 

0,974 

0.997 

i.on 

1.033 

1.045 

0.926 

0.929 

0.947 

0.947 

0.953 

0.956 

0.931 

0.934 

0.942 

0.944 

0.951 

0.956 

3 

0.965 

0.975 

0.992 1 

1.010 

1.028 

1.044 

0.914 

0.902 

0.926 

0.918 

0.929 

0.920 

0.925 

0.927 

0.946 

0.949 

0.958 

0.960 

4 

0.961 

0.973 

1.000 

1.011 

1.033 

1.045 

0.914 

0.903 

0.929 

0.923 

0.936 

0.935 

0.933 

0.931 

0.948 

0.943 

0.950 

0.949 

_1 j 

0.963 

0.975 

0.994 

1.009 

1.029 

1.043 

0.930 

0.923 

0.955 

0.930 

0.966 

0.938 

0.934 

0.933 

0.9S3 

0.955 

0.962 

0.963 


Rj = 0.82 M, R = 0.43 M,C = 910 pF. 
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Fig. 7 — Astable multivibrator in which a NOR 
or NAND gate is used as the first inverter 
to permit gating of the multivibrator. 

Compensation For 50-Percent Duty Cycles 

The variation in transfer voltage described 
above affects the output-pulse duty cycle, 
as shown in Fig. 8. A true square-wave pulse 
is obtained only when the transfer voltage 
occurs at the 50-percent point. However, the 
duty cycle can be controlled if part of the 
resistance in the RC time constant is shunted 
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92CS-27380 

Fig. 8 - Waveforms showing effects of transfer 
voltage on multivibrator frequency. 

out with a diode, as shown in Fig. 9. Be- 
cause adjustment of this diode shunt to 
obtain a specific pulse duty factor causes 
the frequency of the circuit to vary, a 
frequency control, R3, is added to compen- 
sate for this variation. It may also be 
necessary to reverse the diode to obtain the 
desired duty factor. The frequency of any of 
the circuits shown can be made variable by 
replacing the timing resistor with a potentio- 
meter. 

Jitter In Astable Circuits 

When using the astable circuits described 
above with other equipment and/or circuits 
that require off-the-board connections, some 



Fig. 9 — Astable multivibrator in which a duty- 
cycle control is added. 
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jitter in the output waveform may be 
encountered. This jitter is introduced into 
the circuit by noise picked up by the 
connecting cables and board capacitance 
and stray wiring. This problem can be 
corrected with the addition to the circuit 
of an inverter, as shown in Fig. 10, that 
isolates the frequency determining circuit 
nodes from pickup by the output node. The 



1/2 CD4069B 

92CS-27382 



Fig. 12 — Compensated monostable multivibrator 
circuit. 

inverter A, and the output of inverter B be- 
comes low. As| capacitor Cjjdischarges nega- 
tively, it charges through resistor R| to the 


Fig. 10 - Astable multivibrator circuit with 
buffered output. 

output to the astable circuit is then taken 
from the output of the added inverter. 

Monostable Circuits 

Fig. 11(a) shows a basic one-shot circuit 
that uses a single RC time constant. This 
circuit operates well provided it is adjusted 
to the COS/MOS unit used. If no adjustment 
is made, the period T can vary from unit to 
unit by -40 percent to +60 percent if the 
transfer voltage varies by ±33 percent, as 
shown by the waveforms in Fig. 11(b). 

The use of some resistance r, Fig. 1 1 , is 
generally advisable to limit the current if 
Vdd greater than 5 volts. 



© _ii_ 

© n_i 
@ 
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H 

Fig. 11 — Basic one-shot multivibrator circuit: 

(a) circuit diagram, (b) waveforms. 

Compensated Monostable Circuit 

Fig. 12 shows a compensated monostable 
multivibrator type of circuit that can be 
triggered with a negative-going pulse (Vj^p) 
to ground). In the quiescent state, the out- 
put of inverter B is high. When a negative- 
going pulse or spike is introduced into the 
circuit, as shown in the waveforms of 
Fig. 13, capacitor Cj becomes negatively 
charged to ground and the output of inverter 
A becomes high. Capacitor C 2 then charges 
to the value of through diode Dj and 



92CS- 27383 



9203-27385 

Fig. 13 - Voltage waveforms for monostable 
multivibrator circuit when a 
negative-going trigger pulse is 
applied. 

value of V[)j) (waveform 2). The output of 
inverter A remains high until the voltage 
generated by the charging of C| is equal to 
the transfer voltage of inverter A (i.e., until 
the waveform generated by the charging of 
Cj passes through the transfer-voltage curve 
of inverter A); at that instant the output of 
inverter A becomes low. Diode Dj tempo- 
rarily prevents the discharge of capacitor C 2 , 
which was charged when inverter A was 
higli (waveform 3). Capacitor C 2 then com- 
mences to discharge to ground through 
resistor R 2 (waveform 4). The output of 
inverter B remains low until the voltage 
generated by the discharge of C 2 becomes 
equal to the voltage at the voltage transfer 
point of inverter B (i.e., until the waveform 
generated by the discharge of C 2 passes 
through the transfer-voltage point of inverter 
B); at that point the output returns to its 
high state (waveform 5). 

The advantage of using two inverters 
fabricated on the same chip is that they 
have similar transfer voltages. When two 
equal RC time constants are used (RjCj = 
R 7 C 2 ), the effects of variations in transfer 
voltage from device to device are effectively 
cancelled out, as shown in Fig. 14. Eq. (1) 
can be used to show that the maximum 
variation in the time period T is less than 
9 percent. The total time for one period, 


T j , is approximately 1 .4 times RjCj . 

Unlike the astable circuit, which shows 
little variation in frequency over the temper- 
ature range from — 55°C to +125°C, the 
monostable multivibrator shows some change 
in time period; the variation is less than 10 
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Fig. 14 — Waveforms showing the cancelling effects 
of transfer-voltage variations of the two 
COS/MOS inverters when two equal time 
constants are used. 


percent. Table III shows data measured on 
five units over the temperature range cited 
above. At 25°C, the variation in the time 
period T from unit to unit is very small, 
usually less than 5 percent at a Vj^d of 10 
volts. 

The output from inverter B can be held 
in the low or zero state as long as the 
R 2 C 2 time constant is reinforced by another 
triggering pulse before the discharge wave- 
form it generates passes through the transfer- 
voltage point of inverter B. 

Diode D 2 in Fig. 12 is internal to the 
COS/MOS circuit. As discussed for the 
astable oscillator, it is part of the input 
protection circuit shown in Fig. 2, and 
clamps the input at Vj)d. 

Figs. 15 and 16 show two variations of 
the monostable circuit together with their 
associated waveforms. The circuit of Fig. 1 5 
triggers on the negative-going excursions of 
the input pulse in the same manner as the 
circuit of Fig. 12. The output pulse is 
positive-going and is taken from the first 
inverter. This circuit does not need an 
external diode. The circuit of Fig, 16 triggers 
on the positive-going excursion of the input 
pulse, and then locks back on itself until the 
RC time constants complete their discharge. 
The circuits of Figs. 15 and 16 cannot be 
retriggered until they return to their quiescent 
states. 

Low Power Monostable Circuit — The 

monostable circuits discussed thus far dissi- 
pate some power because one or both of the 
inverters are on during the charging or dis- 
charging of the capacitor. This power dissi- 
pation will be extremely low provided the 
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TABLE III - FREQUENCY VARIATION OF MONOSTABLE MULTIVIBRATORS OPERATING AT THREE TEMPERATURES 



Ri = R2 = 43 M,Ci = C2 = 910pF 



“one-shot” pulse width is short compared to 
the overall cycle time. Fig. 17 shows the 
current waveform associated with the circuit 
of Fig. 12. This waveform is very wide at 
the base, and some current flows for approxi- 
mately twice the time period. 
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Fig. 17 — Current waveforms for the diode-compen- 
sated multivibrator shown in Fig. 1Z 

Fig. 18(a) shows a circuit using the 
CD4007A. This device dissipates much less 


''do 



Fig. 15 — Monostabie multivibrator that is triggered by a negative-going input pulse: 
{a) circuit diagram, (b) waveforms. 





(b) 
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Fig. 16 — Monostable multivibrator that is triggered by a positive-going input pulse: 
(a) circuit diagram, (b) waveforms. 
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Fig. 18 — Low-power monostabie multivibrator: 
(a) circuit diagram, (b) waveform. 

power than the other circuits shown but is 
not as stable; circuit operation is described by 
the waveforms in Fig. 1 8(b). In the quiescent 
state, the p-channel transistor of the first 
inverter is biased off while the n-channel 
transistor (which derives its control from the 
output of the second inverter) is biased on. 
Therefore, the output at C is low, and that 
at D is high. Wheni a negative-going pulseTs 
introduced into the circuit through capacitor 
Cj, the p-channel device is turned on. 
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pacitor’i C 2 then charges to Vj)d> 
tput at D becomes low, and the n-channel 
vice of the first inverter is turned off. 
pacitor immediately begins to charge 
Vj)]) through Rj (waveform B). The 
channel transistor remains on, keeping 
pacitor C 2 charged to Vj)]) until the volt- 
3 generated reaches the threshold voltage 
^el and turns the transistor off. The 
channel transistor of the first inverter is 
11 off because the output of the second 
Oerter (waveform D) is still low. When 
e p-channel device of the first inverter 
rns off, capacitor C 2 begins to discharge 
rough resistor R 2 (waveform C) to ground, 
i C 2 discharges, the voltage passes through 
3 threshold-voltage point of the second 
:hannel transistor, and that transistor be- 
is to turn on. The voltage then begins to 
e (waveform D), and the n-channel device 
the first inverter turns on and provides a 
:ond discharge path for capacitor C 2 . As a 
5ult, the output waveform changes state 
)m low to high very rapidly to complete 
e cycle. 

The major advantage of the circuit of 
g. 18 is its low power dissipation. Because 
e circuit depends on the p-channel tran- 
tor threshold, the time period T varies 
>m unit to unit and with temperature 
riations. Some compensation can be pro- 
ied if the R 2 C 2 time constant is made 
proximately three times larger than the 
[Cj time constant, as shown in Table IV. 


TABLE V - FREQUENCY VARIATIONS OF 
MONOSTABLE MULTIVIBRATORS WITH TEM- 
PERATURE WHEN C2 CONSISTS OF STRAY 
CAPACITANCE ONLY 


CD4007A 

UNIT 

NO. 

PERIOD WITH Vqq» 10 V (ms) 

-55°C 

+25“C 

125°C 

1 

0.121 

0.125 

0.129 

2 

0.110 

0.115 

0.118 

3 

0.120 

0.124 

0.127 

4 

0.103 

0.105 

0.108 


Rp lOOK, R 2 = lM, r = 36K,C, = 910 pF. C 2 = Stray 


APPLICATIONS 
Voltage-Controlled Oscillators 

Fig. 19 shows a circuit similar to the cir- 
cuit in Fig. 1 . C is variable (by adjustment 
of Cx) and R is variable (by adjustment of 
V^). The value of R varies from approxi- 
mately 1 kilohm to 10 kilohms. These 
limits are determined by the parallel combi- 

C04007A 

OUTPUT 


VaO-H 


RS 




R’ 

.j r- 




NOTE: 

INVERTERS AND n- CHANNEL DEVICE ARE AVAILABLE IN 
A SINGLE COS/MOS PACKAGE : 

I-C04007 
TYPICAL VALUES: 

R, ■ 10 kO ■ 0.001 - 0.004 ;iF 

Rg'IOOkfl OsV^^SVqo 


ABLE IV - FREQUENCY VARIATIONS OF 
MONOSTABLE MULTIVIBRATORS WITH 
TEMPERATURE WHEN R 2 C 2 TIME CON- 
STANT IS LARGE COMPARED TO RjCi 


D4007A 

UNIT 

NO. 

PERIOD WITH Vqp 

= 10V (ms) 

-55°C 

25°C 

125‘'C 

1 

0.740 

0.759 

0.779 

2 

0.740 

0.754 

0.760 

3 

0.730 

0.735 

0.735 

4 

0.750 

0.750 

0.759 


:i = lOOK, R 2 = 1 M, r = 36K,Ci =C 2 = 910pF 


Current in the circuit of Fig. 18 can be 
linimized by removing capacitor C 2 so 
lat only stray capacitance is present at the 
iput of the second inverter. A comparison 
f time-period variations under this condition 
shown in Table V. Again, the variations 
om unit to unit are caused by differences 
i p-channel transistor threshold. 


K USE PROPER SUFFIX TO DENOTE PACKAGE 
REQUIRED - SEE APPENDIX . 
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Fig. 19— Voltage controlled oscillator. 

nation of R1 (10 kilohms) and the resistance 
of the n-channel device, which varies from 
1 kilohm (RQjyj[)to approximately 10^ ohms 

(^ff)- 

When = Vgg, the n-channel device is 
off and R = RqfF > which is approxi- 
mately equal to R1 or 10 kilohms because 
RqPP is very much greater than R1 . When 
Va = Vdp), the n-channel device is fully 
on and R = Rqn II R1 or approximately 
Rqjsj, which is equal to 1 kilohm because 
Rqjsj is very much less than Rj . 

The center frequency of the oscillator is 
varied by adjustment of C^. 

Voltage-Controlled Pulse-Width Circuits 

Fig. 20(a) shows a further modification 
of the circuit of Fig. 1(a); in the modified 
circuit the pulse width may be modulated 
by varying but only if R^ is sufficiently 
high. As an example: if C = 0.0022 micro- 
farads, Rx will be approximately 35 kilohms. 
Lower values of Rx have an adverse effect on 


frequency. |If Rx is less than 10 kilohms, 
there is a value of that will cause the 
oscillator to cut off. Table VI lists values of 


TABLE VI - PULSE WIDTH AS A FUNCTION OF V^ 
AND VoD 


PULSE WIDTH MS 1 

Va 

Vdd-5V 

Vdd “10 V 

Vdd “12 V 

0 

30 

28 

28 

0.5 

30 

28 

28 

1.0 

30 

28 

27 

1.5 

28 

26 

27 

2.0 

26 

24 

22 

2.5 

26 

22 

20 

3.0 

- 

21 

20 

3.5 

- 

21 

20 


C = 0.001 5 jjF, Period = 55 


pulse width (B in Fig. 20(b)) for various 
values of and Vpj). Fig. 20(b) shows the 
waveform for the circuit described. 
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Fig. 20(a) — Voltage controlled pulse-width 
circuit, (b) output waveform. 


Phase-Locked Voltage-Controlled Oscillator 

The voltage-controlled oscillator, V(;;o» 
can be operated as a phase-locked oscillator 
by the application of a frequency-controlled 
voltage to the gate of the n-channel device. 
Fig. 21 shows the block diagram of an FM 
discriminator using the phase-locked VCO. 
Block A is the same circuit of Fig. 19. The 
output of the phase comparator is fed to the 
gate of the n-channel device (V^). If the 
two inputs to the phase comparator are 
different, the change of causes the 
output frequency of the VCO to change. 
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Fig. 21 - VCO used in phase-locked loop. 
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Frequency Multipliers 

Fig. 23(a) shows a frequency doubler. A 
2^ multiplier can be realized by cascading 
this circuit with N-1 other identical circuits. 



The leading edge of the input signal, differ- ^ 
entiated by R1 and Cl and applied to input 2 
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Fig. 25 — (a) Demodulator circuit, (b) waveforms. 


< 0 ) 


Modulation/Demodulation (Envelope 
Detection) 

Pulse modulation may be accomplishei 
by use of the circuit shown in Fig. 24(a] 
Tliis circuit is another variation of Fig. 1 
Modulation or envelope detection o 
pulse-modulation waves is performed by th 
circuit shown in Fig. 25(a). The carrier burs 
is inverted (by inverter A); its first negativ 
transition at point 2 turns on the diode (D 
to provide a charging path for C through th 
n-channel resistance to ground. On th 
positive transition of the signal (at point 2] 
the diode is cut off and C discharges throug 
R. The discharge time constant (RC) i 
much greater than the time of the bursi 
signal period. Point 3, therefore, neve 
reaches the switch point of inverter B unt 
the burst has ended. The waveforms for A 
points in the circuit are shown in Fig. 25(b). 

References 

1 . Further information on astable and mono 
stable circuits using MSI devices may b( 
found in RCA Application Note ICAN 
6230, “Using the CD4047 in COS/MOi 
Timing Applications”, and in the RCA Dati 
Sheet for the CD4098 Dual Monostabli 
Multivibrator. 

(Note: COS/MOS Hex Buffers CD4009/ 
and Quad Buffer CD4041 A are not recom 
mended for use as multivibrators because 
of very high power consumption in the 
linear mode for long time constants. In 
addition, the hex buffers have a large 
imbalance between Isource ^sinl 
capability, which makes oscillator start -uj 
more unpredictable.) 

2. For the derivation of this equation, se 
RCA Application Note IC AN-6230, “Usir 
the CD4047A in COS/MOS Timing Appl 
cations.” 


POINT IN 

CIRCUIT WAVEFORM 



Fig. 23 — (a) Frequency-doubler schematic, 
(b) waveforms. 


No. 1 and the NAND gate, produces a pulse 
at the output. The trailing edge of the input 
pulse, after having been inverted, is differ- 
entiated and applied to input No. 2 of the 
NAND gate; it produces the second output 
pulse from the NAND gate. The waveforms 
for five points in the circuit are shown in 
Fig. 23(b). 
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Guide to Better Handling and Operation 
of CMOS Integrated Circuits 


by J. Flood and H. L. Pujol 


This Note recommends specific handling 
and operating practices that minimize the 
probability of damage to CMOS integrated 
circuits in the manufacturing operation and 
the field environment. 

A description of various gate-oxide net- 
works that protect against electrostatic dis- 
charge in both A-series and B-series RCA 
COS/MOS product is provided. A practical 
explanation of the SCR latch-up mechanism 
and its associated failure mode is given. In 
addition, operating procedures that help pre- 
vent device malfunction are described. 
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* THESE DIODES ARE INHERENTLY PART OF THE 
MANUFACTURING PROCESS. 

9ZCS-27965R2 

Fig.2 — Improved protection network. 


HANDLING CONSIDERATIONS 

All CMOS devices are susceptible to dam- 
age by the discharge of electrostatic energy 
between any two pins. The gate input is 
equivalent to a small, low-leakage capacitor 
(5 picofarads typical) in parallel with a very 
high resistance (1012 ohms typical). This 
extremely high input impedance lends itself 
readily to the buildup of electrostatic charges. 
Therefore, because the gate-oxide breakdown 
of a CMOS device is typically 80 volts, dam- 
age by high levels of electrostatic discharge 
can occur. 

To protect the gate oxide against high 
levels of electrostatic discharge, protective 
networks are implemented on all RCA CMOS 
(COS/MOS) devices, as described below. 

Standard Protection Networks 

Fig. 1 shows the standard protection net- 
work incorporated on all A-series devices 



D2B50V 

'•'THESE DIODES ARE INHERENTLY PART OF THE 
MANUFACTURING PROCESS. 
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Fig. 1 — Standard protection network. 


and some B-series devices. Input-diode D2 
is a distributed resistor-diode network that 
appears as two diodes to Vdj). 

Improved Protection Network 

Fig. 2 shows the improved protection 
network incorporated on most new 
B-series devices as well as on all A-series, 
B-converted types. 


Other Protective Networks 

Fig. 3 shows the modified protective 
network for a CD4049/4050 buffer. The 
input diode to Vdd is not incorporated so 
that the level-shifting function can occur. 



■•these diodes ARE INHERENTLY PART OF THE 
MANUFACTURING PROCESS. 
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Fig.3 — Modified protection network. 


Fig. 4 shows a transmission gate with the 
intrinsic diodes that protect against elec- 
trostatic discharge. 


* 


n-SUB — 1 
^ Dl 


Vdd 

Vss 
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"T 
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DIODE BREAKDOWN 
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■• THESE DIODES ARE INHERENTLY PART OF THE 
MANUFACTURING PROCESS. 


Fig.4 — Transmission gate with intrinsic diodes that 
protect against electrostatic discharge. 


The protection networks described in this 
Note were characterized by using the equiv- 
alent body discharge network of Fig. 5. 
There are 12 possible combinations by which 
a device can be damaged. A discussion of 
the combinations is beyond the scope of 
this Note; however. Table I shows worst- 
case protection levels for the above networks. 


22 M 560 JO 

VW ► DEVICE 

Rs UNDER 


SUPPLY 

-O H; 

Y 100 pF 

Ch = human body CAPACITANCE TO GROUND 
Rs*B0DY SOURCE RESISTANCE 

9aCS-2796BRI 

Fig. 5 — Equivalent-body discharge network. 
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Additional protection can be obtained by 
adding external series resistors at device 
inputs. The value of this resistance should 
be in the range of 10 kilohms for gate in- 
puts and 1 kilohm for transmission gate 
inputs, where applicable. In addition, 
zener diodes at the output pins can clamp 
the voltage at a safe level. The zener value 
should not exceed the absolute maximum 
rating of the part. 

On-chip protection resistors are not 
used on transmission gates so as to main- 
tain low on resistance. Some recent 
designs, however, do have protection 
diodes to Vdd and Vss close to the bond 
pads. The SOO-volts worst case capability is 
provided by the intrinsic diodes shown in 
Fig. 4. 

TABLE I - Worst-Case Capability of 
Protective Networks 


Protective Network 

Standard 

(inc. CD4049, CD4050) 
Improved 
Transmission Gate 


Worst-Case 

Capability 

1 kV to 2 kV 
4kV 
<800 V 


General Handling Rules 

Table I indicates the typical, worst-case 
voltage discharges from the network of 
Fig. 5 that the above networks can with- 
stand. Because every manufacturing en- 
vironment is different, levels above those 
shown in Table I should be anticipated 
and protected against by following the 
handling recommendations of Table II. 

Dry weather (relative humidity less 
than 30 percent) tends to increase greatly 
the accumulation of static charges on any 
surface. Conversely, higher humidity 
levels (40 to 50 percent) tend to reduce the 
magnitude of the static voltage generated. 
In a low-humidity environment, the 
handling precautions listed above take on 
added importance and should be adhered 
to without exception. 


HANDLING OF UNMOUNTED CHIPS 

In handling unmounted chips, dif- 
ferences in potential should be avoided. A 
conductive carrier or a carrier having a 
conductive overlay should be used. 
Another important consideration is the 
sequence in which bonds are made; the 
V£)D (device supply) connection should 
always be made before the Vgg (ground) 
bond. 

HANDLING OF SUBASSEMBLY BOARDS 

After COS/MOS units have been mounted 
on circuit boards, proper handling precau- 


737 








iCAN-6525 


TABLE 1 1 — General Handling Recommendations 


Should be 
conductive 


Handling equipment X 

Metal Parts of Fixtures 
and Tools 

Handling Trays X 

Soldering Irons 

Table Tops X 

Transport Carts X 


Manufacturing Operating 
Personnel 

General Handling of Devices 


tions should still be observed. Until these 
subassemblies are inserted into a complete 
system in which the proper voltages are 
applied, the board is no more than an ex- 
tension of the leads of the device mounted 
on the board. 

It is good practice to put conductive 
clips or conductive tape on the circuit-board 
terminals. This precaution prevents static 
charges from being transmitted through the 
board wiring to the devices mounted on it. 

AUTOMATIC HANDLING EQUIPMENT 

When automatic handling equipment is 
used, it may not always be possible to 
eliminate static electricity through ground- 
ing techniques alone. Automatic feed mech- 
anisms must be insulated from the devices 
under test at the point where the devices are 
connected to the test set. The anvil transport 
portion of the automatic handling mechanism 
can generate very high levels of static elec- 
tricity as a result of the continuous flow of 
devices over and then separating from the 
anvil. Total control of these static voltages 
is critical because of the high throughputs 
associated with automatic handling. 

Fortunately, the resolution of this prob- 
lem is simple, practical, and inexpensive, 
fohized-air blowers, which supply large vol- 
umes of ionized air to objects that are to be 
charge neutralized, are commercially avail- 
able from many supply sources. Field ex- 
perience with ionized-air techniques reveals 
this method to be extremely effective in 
eliminating static electricity when grounding 
techniques cannot be used. 

Failure Mechanisms 

Electrical damage resulting from handling 
is usually caused by either of the two follow- 
ing failure mechanisms: 

1 . Low-level static electricity (voltage of 
1 kV to 4 kV). Input diode protec- 
tion may be overstressed and input 
leakage currents as high as 1 milli- 
ampefe across diodes may cause a 
malfunction. 

2. High-level static electricity (voltages 
greater than 4 kV). Gate oxides may 
become short-circuited. Inputs to 
^DD or ^SS terminals will be low- 
impedance inputs. 


Should be grounded 
to common point 


X 

X 

X 

Utilize grounded, metal or conductive 
plastic wrist straps with 1 -megohm 
series resistor 

Utilize grounded, metal or conductive 
plastic wrist straps with 1 -megohm 
series resistor 

The presence of these types of device 
malfunction can be detected by curve-tracer 
checks of the input protection diodes des- 
cribed above. Diode degradation resulting 
from static electricity is observable in the 
low-reverse-breakdown characteristics shown 
on the curve tracer. On the other hand, 
damage resulting from high levels of static 
electricity are observed as a resistive short 
to Vdd or Vss. 

Typical Manufacturing Area Procedure 

The example below illustrates all of the 
above recommendations for handling CMOS 
devices in a typical manufacturing environ- 
ment. Although existing protective networks 
offer a high level of protection against elec- 
trostatic discharge, this example emphasizes 
specific precautions that can help eliminate 
damage. 

Receiving Area 

Devices should not be removed from their 
conductive or antistatic carriers. If devices 
are not received in conductive or antistatic 
packing material, they should be returned to 
the supplier. 

Incoming Inspection 

Physical - Parts should be counted without 
removing them from their containers. 

Storage - Devices should remain in carriers. 
Even a partial removal of IC’s from a carrier 
should only be done by a grounded operator. 
Devices removed should be placed in a con- 
ductive tray. 

Electrical - All testing should be performed 
by a grounded operator. Devices should 
be reinserted in conductive carriers after 
completion of a test. 

PC Board Assembly 

It is desirable that PC boards have shorting 
bars installed prior to assembly (soldering). 
Where possible, CMOS IC’s should be the 
last component installed on the PC board. 

Boards should be transported to the wave- 
solder area in conductive carriers. Flux 
removal should be done with an acceptable 
solvent. Examples of specific, acceptable 
alcohols are isopropanol, methanol and spe- 
cial denatured alcohols such as SDAI , SDA30, 
SDA34 and SDA44. The removal of flux 


from non-hermetic and molded-plastic de- 
vices by means of soap and water in a dish- 
washer is NOT recommended as this pro- 
cedure will adversely affect the long-term 
life of the device. 

OPERATING CONSIDERATIONS 

Proper operating procedures are as im- 
portant as proper handling techniques. A 
review of RCA COS/MOS A-series and B- 
series operating characteristics and ratings 
is given in Table III. 

Operating Voltage 

When devices are operated near the maxi- 
mum supply-voltage range, power-supply 
turn-on or turn-off transients, power-supply 
ripple or regulation, and ground noise should 
be suppressed; any of the above conditions 
must not cause (Vdd - Vss) to exceed the 
absolute maximum rating. A good practice 
is to use a zener protection diode in parallel 
with the power bus. The zener value should 
be above the expected maximum regulation 

excursion, but should not exceed the maxi- 
mum supply voltage. Fig. 6 illustrates a 
practical zener shunt circuit. A current- 
limiting resistor is included if the supply- 
current compliance is higher than the zener 
power-dissipation rating for a given zener 
voltage. The shunt capacitor value is chosen 
to supply required peak-current switching 
transients. 



Fig.6 — Zener-diode shunt circuit. 

Unused Inputs 

All unused input leads must be con- 
nected to either Vgg or Vdd, whichever 
is appropriate for the logic circuit involved. 
A floating input on a high-current type 
(such as the CD4009A,CD4010A, CD4041A 
CD4049A, CD4050A) can result not only 
in faulty logic operation, but can cause the 
maximum power dissipation of 500 milli- 
watts to be exceeded; the result may be 
damage to the device. Another considera- 
tion with high-current devices is the need 
for a pull-up resistor between the inputs 
and Vss or Vdd should there be any possi- 
bility that the device terminals may become 
temporarily open or unconnected (e.g., if 
the printed circuit board driving the high- 
current types is removed from the chassis). 
A useful range of values for such resistors is 
from 0.2 to 1 megohm. 

Input Signals 

Signals should not be applied to the in- 
puts while the device power supply is off 
unless the input current is limited to a 
steady-state value of typically less than 10 
milliamperes. Input-signal interfaces that are 
the allowable 0.5 volt above Vdd or below 
Vss should be current-limited to typically 
10 milliamperes or less.. 

Whenever the possibility of exceeding 
10 milliamperes of input current exists. 
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TABLE 1 1 1 — Maximum Ratings of RCA COS/MOS Devices 
(Voltages referenced to Vss) 


3 to 15 V (A Series); 3 to 20 V (B Series) 

3 to 12 V (A Series); 3 to 18 V (B Series) 
-0.5 to VpD + 0.5 V 
500 mW 

100 mW 

-65 to+150OC 

-55 to +1 250 c 
-40 to + 85 OC 


DC Supply Voltage Range 

Recommended Operating 
Voltage 

DC Input Voltage Range 
Dissipation per Package 

Device Dissipation per 
Output Transistor 

Storage Temperature 
Range 

Operating Temperature Range 
Ceramic Package Types 
Plastic Package Types 

Lead Temperature (during 
soldering) at a distance 
1/16 ± 1/32 inch (1.59 ± 

0.79 mm) from case for 
TO seconds max. + 265°C 

a resistor in series with the input is recom- 
mended. The value of this resistor can be as 
high as 10 kilohms without affecting static 
electrical characteristics. However, speed 
will be reduced because of the added RC 
delay. Particular attention should be given 
to long input-signal lines where high induc- 
tance can increase the likelihood of large- 
signal pickup in noisy environments. In 
these cases, series resistance with shunt 
capacitance at the 1C input terminals is 
recommended. The shunt capacitance should 
be made as large as possible consistent with 
the system speed requirements. 

Fan-Out - COS/MOS to COS/MOS 

All RCA COS/MOS devices have a dc 
fan-out capability of greater than 50. The 
reduction in COS/MOS switching speed 
caused by added capacitive loading should, 
however, be consistent with high-speed sys- 
tem design. The input capacitance is typ- 
ically 5 picofarads for most types; the 
CD4009 and CD4049 buffers have a typical 
input capacitance* of 15 picofarads. 


Maximum Clock Rise and Fall Time 

All COS/MOS clocked devices show maxi- 
mum clock rise- and fall-time ratings (nor- 
mally 5 to 15 microseconds). With longer 
rise or fall times, a device may not function 
properly. 

Parallel Clocking 

When two or more different CMOS de- 
vices use a common clock, the clock rise 
time must be kept at a value less than the 
sum of the propagation delay time, the 
output transition time, and the setup time. 
Most flip-flop and shift-register types are 
included in this rule and are so noted in the 
individual data sheets. 

Output Short Circuits 

Shorting of outputs to Vgs or Vj^D can 
cause the device power dissipation to exceed 
the safe value of 500 milliwatts. In general, 


outputs of these types can all be safely 
shorted when the device is operated with 
(^DD - Vss) ^5 volts, but the 500 milli- 
watt dissipation ratings may be exceeded 
at higher power-supply voltages. For cases 
in which a short-circuited load, such as the 
base of a p-n-p or n-p-n bipolar transistor, 
is directly driven, the device output charac- 
teristics given in the published data should 
be consulted to determine the requirements 
for safe operation below 500 milliwatts. 
Note that a single output transistor short 
must be limited to 100 milliwatts. 

SCR Latch-Up 

Operation above maximum ratings can 
force CMOS devices into a p-n-p-n SCR 
“latch-up” mechanism, which can be des- 
tructive. Any transients should be avoided 
and any large loads occurring during oper- 
ation near the maximum rating should be 
avoided. 

“Latch-up” is considered to be the cre- 
ation of a low-resistance path between the 
power supply and ground on a circuit during 
an electrical pulse; the path remains a low- 
resistance path after the pulse. In CMOS 
circuits, several parasitic bipolar transistors 
exist, as shown in Fig. 7. The p-n-p transistor 
is a wide-base lateral structure whose j3, 
normally less than 0.2, is a function of device 
geometry. Ihe conditions for SCR turn-on 
are as follows: 



VERTICAL npn 
20 
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Fig. 7 — Parasitic bipolar transistors in CMOS circuits. 


1 . (3 n-p-n X p p-n-p > 1 
(vert.) (lat.) 

2. The lateral p-n-p and vertical n-p-n 
base emitter junctions are forward 
biased. 

3. The bias circuit that applies power to 
Vdd and to the input must be capable 
of supplying current equal to the hold- 
ing current of potential SCR’s. 

Fig. 8 shows the equivalent circuit for the 
SCR structure present in CMOS circuits. 


O^DD 
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Fig. 8 - Equivalent circuit for the SCR structure 
present in CMOS circuits. 


Fig. 9 shows a curve of Idd as a function 
of Vdd, which illustrates the effect of 
secondary breakdown and SCR latch-up. 



92CS-26854 


Fig. 9 - Curve illustrating effect of secondary 
breakdown and SCR latch-up. 


Table IV shows typical values of break- 
down voltage and sustaining voltage and 
current for RCA COS/MOS A-series and 
and B-series devices. The table shows that 
B-series devices are much harder to latch 
than A-series types because of the higher 
breakdown voltage. 


TABLE IV — Breakdown Voltage and Sus- 
taining Voltage and Current Values 


Characteristic 


VBKDNn 


Vsus 

Isus 


A-Series B-Series 
17 V 25 V 

15 V 22 V 

Type-Dependent 50— 100 mA 
2-40 mA 
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Fundamentals of Testing COS/MOS Integrated Circuits 


by J. Flood 

This Note describes the techniques em- 
ployed in testing RCA COS/MOS devices to 
assure their adherence to data-sheet specifi- 
cations, and provides information useful in 
data-sheet interpretation and in the inspection 
of incoming devices. RCA COS/MOS devices 
are available in two basic families: A-series 
(3- to 15-volt product) and B-series (3- to 
20-volt product). 

RCA COS/MOS circuits are 100-percent 
tested by circuit probe in the wafer stage and 
are 100-percent tested again after they have 
been packaged. DC tests of RCA devices are 
performed at 5, 10, 15, and 20 volts; func- 
tionality is checked at 3, 17, and 22 volts 
depending on family (i.e., A or B series). 
Sample testing is used to assure adherence to 
quality requirements and ac specifications. 

Static tests, high-speed functional and dc 
parametric tests, are performed at wafer and 
package stages by means of a Teradyne J283 
test set. A Teradyne S157CM test set and a 
Macrodata MDl 54 test set are used in dynamic 
testing. Dynamic tests are performed with 15 
and 50 picofarad loads. Testing at 15 pico- 
farads is accomplished primarily by labora- 
tory “bench-test” techniques; automatic 
testing at 15 picofarads is difficult because 
of the high input capacitance (approximately 
20 to 35 picofarads) of most automatic ac 
test sets. 

Users should follow the sequence below 
when testing COS/MOS devices: 

1. Insert the device into the test socket. 

2. Apply VoD- 

3. Apply the input signal. 

4. Perform the test. 

5. On completion of test, remove the input 
signal. 

6. Turn off the power supply (Vdd). 

7. Remove the device from the test socket 
and insert it into a conductive carrier. 
COS/MOS devices under test must not be 
exposed to electrostatic discharge or for- 
ward biasing of the intrinsic protective 
diodes shown in Fig. 1 . 

For detailed COS/MOS IC handling and 
operating considerations, refer to RCA Appli- 
cation Note, Guide to Better Handling and 
Operating of CMOS Integrated Circuits. 1 

STATIC TESTING 
DC-Parameter Testing 

DC parameters are those specified for 
steady-state conditions; dc testing of RCA 
devices is done at 5, 10, 15, and 20 volts 
depending on the family under test. Non- 
varying forcing conditions are applied to the 
inputs and/or outputs of a package while the 
device terminals are monitored for expected 
voltage or current levels. 

DC-parameter tests include; 

Functional tests 

Contact tests (diode measurement) 
Leakage tests: quiescent and input 
Breakdown voltage tests 
Output voltage levels 




Fig. 1 — (a) Standard protection network used on all 
CD4000A- and some CD4000 B-series devices; 
(b) improved protection network used on all 
new RCA COS/MOS devices. Diode breakdown: 
D1 =25 V, D2 = 50 V, R2 « R1. 

Input voltage test (includes noise- 
immunity and noise-margin tests) 
Output drive-current measurements 
Diode tests 

Input-capacitance measurements 
Additional tests as required 


A typical CMOS IC test sequence is shown 
in Fig. 2. 


Functional Tests 

Functional tests assure that the device 
under test will perform its logical operations 
in accordance with its truth table. The 
operating voltages for functional tests are 
shown in Table I. Operation is checked 

Table I - Operating Voltage Limits 
For Functional Tests 

Recommended Min. Max. 

4000A Series 3-12 3 15 

4000B Series 3 - 18 3 20 

against truth table values by monitoring 
output-voltage levels for valid logic-high and 
logic-low levels. Output logic levels for func- 
tional tests are: 

Logic 0: <Vgg+0.5V 
Logic 1 : ^Vp)p)— 0.5 V, V£)£)is 
referenced to Vgg. 

Fig. 3 shows an example of a CD4001 
NOR gate functional test. Vdd is selected to 
cover the desired range of operation. This 
test is performed at a relatively low frequency 
(«fCL max.) and with no load other than 
stray and probe capacitances. 

^^en complex circuits such as the CD- 
4094B, Fig. 4, are tested, input signals must 
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Fig. 2 — A typical COS/MOS IC test sequence. 
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A 

B 



c ~ n 0 0 

(b) 


0 
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Fig. 3 — Example of CD4001 NOR -gate 
functional test. 


be applied to control the functions being 
examined. The CD4094B is an 8-stage shift 
and store register whose eight stages are 
composed of D-type flip-flops connected in 
sequential logic form with a common clock. 
In addition to the flip-flop chain, the device 
has a latch option at each parallel output 
stage; the latch is controlled by the strobe 
input level. The parallel outputs are three- 
state and are controlled by the output enable 
level. Data stored in the register is available 
at the serial outputs on both the positive and 
negative clock transitions. 

Prior to performance of the static or dc 
parameter tests, which reflect the data-sheet 
specifications, ail register functions must 
perform 100 percent. Compliance of a device 
with functional test requirements is deter- 
mined by monitoring all outputs for proper 
operation. Functional testing is performed by 
applying the waveforms shown in the timing 
diagram of Fig. 5 to the device under test, in 
this case the CD4094B of Fig. 4. The tests 
are performed at a frequency well below the 
maximum operating frequency of the device. 
Input logic 1 levels are equal to V[)[); input 
logic 0 levels are equal to VsS- Again, output 
logic 1 and 0 levels are equal to V[)[) - 0.5 V 
min. and Vgs + 0.5 V max., respectively. 
Functional tests for B-series devices are per- 
formed at a Vdd - Vss of 22 volts, 2.8 volts, 
and at intermediate levels depending on the 
device type. 


starting at time slot 1 , begin shifting 1 ’s and 
O’s to the parallel outputs. The alternate I’s 
and O’s are fed into the register up to the 
negative transition at time-slot 8. At this 
time the strobe input is sent low to check 
functionality of the latch. Note that a 0 data 
bit was transmitted to the Q1 output on the 
positive clock transition at time-slot 8; how- 
ever, a positive transition at time-slot 9 does 


not shift the positive data input to the Q1 
output. The Q1 output remains latched low 
because of the low level at the strobe input. 
When the strobe goes high, the 1 data bit is 
transmitted to the Q1 output. At this point 
the latch functionality plus the functions of 
the strobe, clock, data inputs, Qs outputs, 
and Q outputs, Fig. 4, are fully tested, as 
shown by the timing diagram. 



Fig. 4 — Functional diagram of the CD4094B. 


Output Enable j 

1 2 8 123456789 10 11 12 

jijmjin.rLnrLjm[in^^ 

CL P3 


ST PI 




The timing diagram, Fig. 5, shows 0-level 
data being clocked into the internal Q output 
of the shift register while the strobe input is 
maintained low. After eight positive clock 
transitions, all the internal Q outputs are at 
logic 0. Prior to the next positive clock 
transition, the strobe goes to a 1 state; this 
condition shifts the zeroes from the internal 
Q outputs to the external Q outputs and the 
serial outputs. At this time all outputs are at 
logic 0. The following clock pulses, those 


Q7, Pin 12 


Q8, Pin 11 


Serial Out 
Pin 9 


Serial Out 
Pin 10 


n_n_j 

_r“Ln 



Fig. 5 — Waveforms used in functional testing. 
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Leakage Current Tests 

Two types of static leakage currents are 
of concern in COS/MOS devices: Quiescent- 
leakage and input -leakage current. 

Quiescent Leakage Current— In bipolar logic 
devices, such as TTL devices, the current 
paths that exist from the power source to 
ground in the quiescent state cause milli- 
amperes of current to flow even when the 
device is not functioning. Quiescent leakage 
may be defined for a COS/MOS device as 
that current that flows from Vdd to Vgs 
when, theoretically, all paths for current 
flow have been opened because the MOS 
device is off. Fig. 6. 


Typical input-leakage-current values for 
COS/MOS devices are in the picoampere 
range, hence the high input impedance. 
Automatic test sets cannot measure pico- 
ampere values because of test-set resolution. 
Input currents are measured using 100 nano- 
amperes as the maximum allowable leakage 
for a single input. 

Examples of quiescent and input leakage 
test methods are shown in Figs. 8 and 9. In 
Fig. 8, the quiescent leakage current II OdD 
may be substituted for II) is measured by 
eliminating all current paths from V[)[) to 
Vss. This is done by turning off either tne n 
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Fig. 6 — Schematic representations of p and n 
devices when turned off. 


There is no perfect switch. However, the 
COS/MOS technology offers quiescent de- 
vice currents that are orders of magnitude 
lower than in other forms of digital logic. 

Quiescent-leakage tests are performed for 
all device states according to their respective 
truth tables. Voltages for quiescent leakage 
tests are 5, 10, and 15 volts for the CD4000A 
series and 5, 10, 15, and 20 volts for the 
CD4000B series. Power dissipation for 
COS/MOS devices is in the microwatt range 
regardless of complexity level, and is relatively 
stable with variations in temperature. 



or the p devices. The current may be meas- 
ured in the Vdd or the Vss line, whichever 
is more convenient. Unused inputs must be 
connected either high or low, depending on 
the channel leakage to be measured. 

Input leakage current in Fig. 9 is measured 
by means of the gate input. Typical input 
impedance is lOl^ ohms; therefore, typical 
input leakage currents are in the picoampere 
range. Figs. 8 through 14 show various test 
circuits for the CD4001 A. 

The testing of MSI and LSI parts for 
quiescent leakage current is more complex 
than that for SSI devices. However, the test 
is performed in a manner similar to that of 
the functional test described previously. The 
CD4090, for example, is connected as shown 
in Fig. 15. The device is then clocked into 
its various states, and the current monitored 
at applicable time slots. 

Fig. 16 shows the intrinsic protection cir- 
cuitry at each external-gate input. With SI 
connected to either current source, the 
voltage drop from the gate input to ground 
will be one diode drop. A limit of 1 .5 volts 
maximum is usually used to indicate a good 
diode. With SI connected to the +100 
microampere supply, the presence of the 
protective diode to the n substrate is tested. 
With SI connected to the -100 microampere 
supply, the presence of the protective diode 
to the p well is tested. In the event of func- 
tional test failures, the above test can be 
used as a “contact test” to check for proper 
insertion of the device under test. 



Input-Leakage Current-input-leakage current 
is current that flows through reverse-biased 
diodes, whether intrinsic or diffused, and 
through the input-protection network con- 
nected to the gate. The diodes present in 
standard and improved protection networks 
are shown in Fig. 7. 

Vdd '^dd 
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Fig. 8 — Measurement of quiescent leakage current. 



Vdd 


(a) input Leakage— Input High (I|h) 
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Fig. 7 — (a) Standard and fbj improved protection 
networks. 


Fig. 9 — Measurement of input leakage. 
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Fig. W — Quiescent-device-current test circuit 11 — Quiescent-device-current test circuit 

for the CD4001A, leakage-inputs 1 (li_). for the CD4001A, leakage-inputs 2 (li_). 


Fig. 12 — Quiescent-device-current test circuit for the 
CD4001A, leakage - n-devices off (li_). 



Fig. 13 — Input-current test circthut for the 
CD4001A, input high \ih)- 


Fig. 14 — Input-current test circuit for the 
CD4001A, input low [ln_}. 


Constant ^ 
Current < 
Generators] 
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Fig. 16 — Intrinsic protection circuitry at each external 
input of a CQS/MQS device. 


Fig. 15 — Functional-test arrangement for the CD4090. 


Voltage Breakdown Tests 

Breakdown tests are performed on the n 
and p channels of COS/MOS devices in a 
manner similar to that of quiescent-leakage- 
current tests. The purpose of the breakdown 
test is to assure that channel breakdowns can 
only occur at voltages above the maximum 
guaranteed supply voltage; Table II gives 
limits by series. Voltage breaKdown test 
circuits are shown in Fig. 17. With switch SI 
in position 1 , the n devices are on and the p"^- 
to-n-substrate diodes are stressed. With switch 
SI in position 2, the p devices are on and the 
n^-to-p-well diodes are stressed. 




Table II - Channel-Breakdown Limits 
Max. 

Test Voltage Current Limit 

CD4000 A Series 15V 1 00 ju A 

CD4000B Series 20 V 100 ;liA 
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Vdd 


Vqd 


0-4 


Vss , 


pWell 


92CS- 28388 


Fig. 17 — Voltage-breakdown test circuit. 


Output-Voltage Levels 

The output-voltage low (Vql) and the 
output-voltage high levels (Vqh) of a 
COS/MOS device approach V£)d and Vss 
within a few millivolts. Tests for Vql and 
Vqh are primarily bench-type static tests 
performed as shown in Fig. 18. With switch 
SI in position 1, one n device is turned on 
and the p devices are turned off. The voltage 


output will be at Vss + 0*05 volt or Vss - 0 
volt. With switch SI in position 2, all p 
devices will be turned on and the n devices 
will be turned off. The voltage output will be 
at Vdd + 0 volt or Vdd - 0-05 volt. 

Few automatic test sets have the resolu- 
tion to measure an offset of 50 millivolts 
from the V£)d and Vss supply with satis- 
factory accuracy at reasonable test speeds. 


Note that in functional testing, the pass/fail 
criteria for high and low output states of the 
device is a maximum of 500 millivolts 
deviation from V[)i) and VsS- 

Noise Immunity 

Noise immunity, Vjsjl, Vnh> is defined 
as the maximum low-level input (V[l) for 
which an output logic level does not change 
state, and the minimum high-level input 
(Yih) for which the output does not change 
state. 

The typical noise immunity of a COS/MOS 
device is 45-percent of Vdd; i.e., the input 
voltage low and high levels will typically 
change 45-percent of their values before the 
output logic level changes. V|l is guaranteed 
to be a maximum of 30 percent of Vddi 
is guaranteed to be a minimum of 70 per- 
cent of VdD- 


Noise Margin 

Noise margin is the difference between a 
device output voltage and V|l; i.e., the 
magnitude of noise-margin voltage is that 
noise voltage that may be added to any 
COS/MOS input/output mode. 

Noise margin and noise immunity are 
guaranteed to meet data-sheet specifications 
by the performance of input voltage tests, as 
shown in Fig. 19. The input voltage test is 
performe'd for each device as in functional 
testing. ViL and Vjh are applied according 
to the device’s truth table. The outputs are 
monitored for an expected Vnmh and 
^NML state (voltage noise margin, voltage 
noise margin low). 

VnML^Vol- V jL 
VnMH = Voh -V|H 

Vil = Vnl 
ViH = Vdd - Vnh 

Output Drive Current 

Tests for output drive currents-lDN (or 
I0L)» sink current, and Idp (or IOH)> source 
current-are conducted by means of the cir- 
cuits shown in Figs. 20 and 21 . 


The purpose of the sink-current test. Fig. 
20, is to determine the amount of current 
that the output n device is capable of sinking 
(with the n channel on) at a given output- 
voltage level. Fig. 20(a) shows a CD4001AD 
device whose Vdd is equal to 10 volts and 
whose voltage output is specified at 0.5 volt. 
The amount of current that the output de- 
vice can sink varies depending upon the 
voltage drop across the device (Vds) for 3 
fixed VqS- n-channel drain characteristics are 
shown in Fig. 20(c). 

The purpose of the source-current test, 
Fig. 21, is to determine the amount of 
current that the p device is capable of 
sourcing (with the p channel on) at a given 
output-voltage level. Fig. 21(a) shows a 
CD4001AD device whose Vdd is equal to 
10 volts and whose voltage output is specified 
at 9.5 volts. Under these conditions, the 



-0 ''OL 




Vss 


SI in Position 1 



(b) 
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Fig. 18— Test of output voltage levels 

(Vqh and VqJ of a CD4001A. 
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Connect For All 
Functional States 



output drtve current will be a minimum of 
0.25 milliampere. The amount of current 
that the device can source varies depending 
upon the voltage drop across the device 
(VdS) for a fixed VqS- p-channel drain 
characteristics are shown in Fig. 21 (c). 

These current-voltage relationships can be 
verified, theoretically, by the use of the 
following equations. 

In the triode region; 


2K'W 


^DS (^GS-^TH) 



0< 


^ds^(^gs-^th) 


'<6>- 


— ©- 
<0 — 


* Vqd 





I) 




-H 

_> 



CD4001A 1 



(a) 


(b) Equivalent Circuit 


92CS-26840 



92CS-2684I 

(c) 


Fig. 20 — Output drive current 0 dN^> sink-current, 
test arrangement. 



Fig. 21 Output drive current Hop), source current, 
test arrangement. 


In the saturated region: 

, K'w r “1^ 

‘D- g [^GS-^TH 

(Vgs-Vth)<Vds 


0< 


where = drain-to-source voltage 

Vqs = gate-to-source voltage 
Vyj.| - device threshold voltage 

K fjL =effective surface mo- 

“^ox bility of the carrier 
in the channel 
Eq =permittivity of the 
oxide 

tox =oxide thickness 
W = channel width 
C = channel length 


Input Capacitance 

The input capacitance of a device is 
measured as shown in Fig. 22. A capacitance 
bridge is connected between each input and 
^SS- The capacitance is then measured after 
all stray capacitance has been nulled. The test 
is performed at a 1-MHz bridge setting. De- 
vice input capacitance is considered accept- 
able if the bridge reading is less than the 
maximum input capacitance specified on the 
data sheet. 


Drain-To-Source Voltage (VDS)-Volts 
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CAPACITANCE O 
BRIDGE 



Fig. 22 - Input capacitance measurement. 

DYNAMIC TESTING 
Propagation Delay and Transition Times 

Propagation Delay (tpLu) is measured from 
the 50-percent point of the input pulse to 
the 50-percent point of the output pulse as 
the output goes from a low level to a high 
level . 


Propagation Delay (tpm ) is measured from 
the 50-percent point o\ the input pulse to 
the 50-percent point of the output pulse as 
the output goes from a high level to a low 
level. 

Transition Time (tjLu) is the time required 
for the output to make the transition from 
the low state to the high state (n device turns 
off, p device turns on). This time is measured 
from the 10-percent point to the 90-percent 
point of the output pulse. 

Transition Time (tjHi ) is the time required 
for the output to mahe the transition from 
the high state to the low state (p device turns 
off, n device turns on). This time is measured 
from the 10-percent point to the 90-percent 
point of the output pulse. 

Dynamic parameters are measured at a 
specified load of 15 and/or 50 picofarads. 
The load specified is for total capacitance 
including stray and probe capacitance. Fre- 
quency is not a critical factor in determining 
switching speeds of COS/MOS devices. Test- 
ing should be done at a frequency compatible 
with the test set or laboratory equipment in- 
volved and must be less than the maximum 
operating frequency. Fig. 23 shows waveforms 
used in the measurement of propagation 
delay and transition times. 

Note that certain dynamic tests, when 
performed on a go-no-go basis, are conducted 
with specified limits as test conditions and 
with the device outputs monitored. Para- 
meters tested in this way include set-up 
times, minimum clock, reset and preset 
pulse widths, clock rise and fall times, maxi- 
mum clock frequency, and preset and reset 
removal times. Parameters such as propaga- 
tion delay and transition times are tested 
under a set of prescribed conditions so that 
the test yields actual characteristic data. 

Maximum Operating Frequency 

The maximum operating frequency, fcL> 
is that clock input frequency above which 
the device will no longer perform its logical 
function. This frequency is determined by 
gradually increasing the input frequency 
while monitoring the output until the device 
no longer functions properly. The input fre- 
quency is then lowered until the device re- 
sumes correct operation. The frequency thus 


Input 



10% 90% 



Fig. 23 — Waveforms used in the measurement of 
propagation delay and transition times. 


determined is the maximum operating fre- 
quency of the individual device. 

When testing for compliance a device for 
which a maximum operating frequency has 
been specified, the maximum specified opera- 


ting frequency is applied to the device while 
the outputs are monitored. This is a go-no-go 
test as opposed to a characterization test. 

Fig. 24 shows a CD4013, dual D-type 
flip-flop, under test for maximum operating 


Vdd 

Vss 


_rL 



) Output 


Clock Input 



Test Conditions (Per Data-Sheet Specifications*) 

* Pulse-Generator Amplitude 10 V 

Pulse-Generator Impedance-Matching Resistor (R) 50 ohms 

*Pulse-Generator Rise and Fall Times (t^ = tp 20 ns 

*Pulse-Generator Input Frequency (Icl) 7 MHz 

*Load Capacity - Cl (Including Stray and Probe) 15 pF, 50 pF 

92CS-28379 

Fig. 24 — Test circuit for measuring the maximum 
operating frequency of a CD4013A/B. 
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Test Conditions (Per Data-Sheet Specifications*) 

* Pulse-Generator Amplitudes 10 V 

Pulse-Generator Impedance-Matching Resistor (R) 50 ohms 

♦Pulse-Generator Rise and Fall Times (t^ = tf ) 20 ns 

♦Load Capacitance-C^ (including Stray and Probe) 15 pF, 50 pF 
♦Setup Time (tj) 20 ns 


92CS-28380 

Fig. 25 — Set-up-time test circuit for a CD4013A. 



Fig. 26 — Waveform used to define pulse widths. 


trequency at an operating voltage of Vqd- 
Vss of 10 volts. 


Set-Up Time 


Set-up time (tj) is the time interval during 
which a signal is applied and maintained at a 
specified input terminal before the device 
recognizes the presence of the specified input 
pulse. An example of set-up time measure- 
ment for a CD4013, Fig. 25, shows a data 
input which must be present for time tg (value 
specified in data sheet) in order for the 
positive transition of the clock pulse to 
transmit the level at the data input to the Q 
output. If the data input is not present for a 
sufficient period of time prior to the positive 
transition of the clock, the previous state of 
the data input will be recognized and trans- 
mitted to the Q output. 

When testing a device for compliance with 
a specified set-up time, a go-no-go test, the 
set-up time specified in the data sheet is used 
as a test condition and the output is moni- 
tored for expected operation. V^en charac- 
teristic data is required, the set-up time is 
varied until the expected output occurs. 

Minimum Clock, Set, Reset, and Preset 
Pulse Widths 

Pulse widths, tw, are defined as the time 
from the point on the leading edge of the 
clock-pulse curve which is 50-percent of the 
maximum amplitude to a point on the 
trailing edge which is 50-percent of the 
maximum amplitude, Fig. 26. The minimum 
pulse width for the clock, set, reset, and pre- 
set inputs is that time that the pulse must be 
present in order for the device to recognize 
the presence of the pul.se. 

When testing a device for compliance with 
minimum pulse widths, a go-no-go test, the 
pulse width specified in the data sheet is used 
as a test condition and the output is moni- 
tored for expected operation. When charac- 
teristic data is required, the pulse width is 
varied until the expected output occurs. 

An example of minimum clock-pulse width 
measurement (twH) for ^ CD4013 at a Vdd 
-V ss of 10 volts. Fig. 27, shows the mini- 
mum clock-pulse width specified in the data 
sheet being applied to the clock input of the 
device under test at a frequency (f) that is 
less than the maximum operating frequency 
specified. The clock pulse is applied in one 
case when the data input is low and is then 
applied again when the data input is high. 
(The high and low states of the data input 
must be present for a time exceeding the 
specified set-up time.) A device that complies 
with the minimum clock-pulse width para- 
meter specification will transmit the data 
input level to the Q output on the positive 
transition of the clock. Proper operation of 
the CD4013 can be checked by monitoring 
for an expected output at Q of f/2. 

Maximum Clock Rise and Fall Times 

The maximum clock rise and fall times 
(bCL' tfCL) ‘»re the rise and fall times of 


the clock input signal (measured from 10 
percent to 90 percent), above which the 
device is guaranteed to perform its logical 
function. This rise and fall time is determined 
by gradually increasing the clock rise/fall 
time while monitoring the output until the 
device no longer functions properly. The 
clock input rise and fall times are then 
lowered until the device resumes correct 
operation. The rise and fall times thus deter- 
mined are the maximum clock rise and fall 
time of the individual device. 

In testing a device for maximum clock 
rise and fall times to a specified limit, the 
maximum specified clock rise and fall times 
are applied to the clock input while the out- 
put is monitored. The input frequency used 
to perform this test must be less than the 
reciprocal of 2t,;for example, when applying 
the specified clock rise and fall times for a 
CD4013 at a Vpp - Vss of 10 volts, the 


maximum clock input frequency that may be 
used is 100 kHz. 

Fig. 28 is an example of a test of maximum 
clock rise and fall times of a CD4013, dual 
flip-flop, at an operating voltage, Vqd-Vss 
of 10 volts. 


Reset, Set and Preset Removal Time 

Tlie reset, set, and preset removal time, 
1REM< when used in reference to flip-fiops, 
counters, and shift registers, is that time for 
which the reset, set, or preset pulse must be in 
its clock enabling state before the device can 
resume synchronous operation. 

When a device is in the preset mode, the 
JAM input levels are transmitted to the Q 
output asynchronously. The reset slate 
causes the Q outputs to go to a low level; the 
set state causes the Q outputs to go to a high 
level. It is generally an invalid condition to 


747 






ICAN-6532 


have a device in more than one asynchronous 
state at the same time. 

In testing a device for compliance with 
data-sheet specifications, the removal time 
specified is applied at the appropriate input 
terminal of the device under test, Wlien 
characterizing a device, the removal time is. 
adjusted relative to the clock input such that 
expected operation occurs, decreased to the 
point where expected operation no longer 
occurs, and then increased until expected 
operation reoccurs. The time recorded at the 
reoccurrence of expected operations is the 
correct removal time (tREM). 

An example of a test for minimum preset- 
enable removal lime as specified in the data 
sheet of a CD4029A, presettable up/down 
counter, is shown in Fig. 29. The JAM inputs 
Jl, J2, J3, and J4 ar^ hard-wired to ground 
(low). With the preset enable input high, the 
information on the JAM inputs is trans- 
mitted to the Q outputs (regardless of the 
state of the clock). The preset input is then 
set low. After a time equal to tREM^ the 
clock-pulse positive transition advances the 
counter and causes the Q1 output to go high. 
The transition of the. Q 1 output from the low 
to the high state confirms that the preset 
enable pulse has been removed for a suffi- 
cient time to allow the device under test to 
resume synchronous clocked operation. 



Test Conditions (Per Data-Sheet Specifications*) 

* Pulse-Generator Amplitudes 

* Pulse-Generator Rise and Fall Times 
Pulse-Generator Impedance-Matching Resistor 

* Clock-Pulse-Generator Frequency 

* Load Capacity (C|_) (Total Including Stray) 


10 V 
20 ns 
50 ohms 

«Max. Operating Frequency 
15 pF, 50 pF 


Reference 

1 . Guide to Better Handling and Operation 
of CMOS Devices, ICAN-6525, J. Flood 
and H. Pujol, RCA Solid State, 1976, 


92CS- 28383 

Fig. 27 — Test circuit for measuring minimum clock- 
pulse width in a CD4013A/.B. 
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Test Conditions (Per Data-Sheet Specifications*) 

* Pulse-Generator Amplitude 10 V 

* Pulse- Generator Rise and Fall Times (VCL- ^fCL^ 5 ps 

Pulse-Generator Impedance-Matching Resistor 50 ohms 

* Pulse-Generator Frequency 100 kHz 


* Load Capacity (Cl) (Total Including Stray and Probe) 15 pF, 50 pF 

92CS-2838IRI 

Fig. 28 — Test circuit for measuring maximum clock- 
rise and fall time in a CD4013A/B. 


Test Conditions (Per Data-Sheet Specifications) 

Pulse-Generator Amplitude Vqq 

Pulse-Generator Rise and Fall Times (t^pp = tf(.p) 20 ns 

Pulse-Generator Impedance-Matching 

Resistor 50 ohms 

Load Capacity (Cl) (Total Including Stray and Probe) 15 pF, 50 pF 

92CS- 28382 

Fig. 29 — Test circuit for measuring preset-enable 
removal time in a CD4029A/B. 
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A Basic Selection Guide to Digital Counters 

byJ. E. Gillberg 


The binary ripple counter has emer^n^tl 
as a major building block for today's 
digital circuit designs primarily because it 
offers a large amount of information for a 
st't number of bits. In addition, it is 
simple, requiring no decoding from the 
counting stages, and its dynamic power 
consumption is small. This Note discuss(‘s 
these advantages, compares the binary 
ripple counter with the Johnson decade 
counter and the BCD counter, and 
discusses the selection of the most suitable 
counter for sf)ecific applications. 

Design F eatures 

The functional diagram for a 
COS/MOS 7-stage binary counter type 
CD4024 is given in Fig. 1. The CD4024 


counter. These devices provide alter- 
natives to the digital system designer and 
have advantages and disadvantages, as 
does the binary ripple counter. 

The CD4017 consists of a 5-stage 
Johnson de{;ade counter and an output 
decoder which converts the Johnson binary 
code to a decimal number. Functional and 
logic diagrams are given in Fig. .‘I for this 
(!(‘\ ice. 'File decade counter includes 
“anti-lock" gating to assure proper 
counting sequence. Because the Johnson 
counter does not us(‘ every available 
combination of outputs, it is possible for 
lh(‘ counter t(> enter an “illegal" mode of 
op<‘ration at ()ower turn-on or as the result 
of incoming noise. The anti-lock gating 
forces the counter back into “legal" 


o|)eration. For many applications, the 
disadvantage of the unused logic states, 
m‘C(‘ssitating the use of additional counter 
stage's, is compensated for by its high- 
spe'e'd operation, 2-input decimal decode 
gating, and spike-free decoded outputs. 

The CD4518 BCD synchronous counter 
requires extra gating to determine what 
state the counter should be clocked into at 
the next incoming pulse. Its functional 
and logic diagrams are given in Fig. 4. Its 
binary coded decimal output makes it a 
good choice for many applications where 
there is machine-to-person interface. 

The absence of extra gating in the 
binary ripple counter, however, allows 
maximum information density and. 
therefore, provides a significant advantage 
over the other two types. 

Pow er Consumption 


''do 



Vss 


92CS-2505IR2 


Fig. 1 - Functional and logic diagrams for a COS/MOS 7-stage binary counter type CD4024. 


The power consumption of any counter 
depends on the input and output 
capacitance of the counter, its operating 
voltage, and the operating frequency. This 
relationship is expressed by 

P = CV2f 

where P is the power consumption in 
watts, C the load capacitance in farads, V 
the operating voltage in volts, and f the 
frequency of operation in hertz. This 
expression can be used as a design guide to 
the power consumption of a circuit when 
more specific data is not available. The 
actual power consumption of an IC, 
however, may vary ± 25 percent from the 
value calculated. 


superseded the CD4004 which was the 
first counter available in the CMOS family 
of digital devices. This counter is a simple 
basic design, comprising a series of toggle 
flip-flops in which the clock input of one 
flip-flop is connected to the Q output of 
the previous flip-flop. No additional 
gating is necessary to perform the binary 
coun^ The buffer converter connected to 
the Q output of each flip-flop stage 
enhances the current drive without ad- 
versely affecting counter speed. Fig. 2 is a 
detailed diagram of a single master-slave 
flip-flop used as the sequential memory 
element in the CD4024, as well as in most 
static counters. 

Two other counters that have found 
acceptance as digital building blocks are 
the CD4017, a decade counter /divider 
using the Johnson decade counter con- 
figuration, and the CD4518, a BCD up- 



92CS-29244RI 

Fig. 2 - Detailed diagram of master-slave flip-flop, the sequential memory element of most static 
counters including the CD4024. 
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0 6 2 8 4 «CM :< 


Fig. 3 - Functional and logic diagrams for 5-stage Johnson decade counter type CD4017. 



Fig. 4 - Functional and logic diagrams for BCD counter type CD4518. 


If it is assumed that the input 
capacitance of the COS/MOS gate is small 
compared to the output load capacitance, 
it can be shown that the power con- 
sumption of the binary ripple counter is 
not too different from that of the other 
counters. With the CD4013 Quad D Flip- 
Flop, shown fimctionally in Fig. 5, used as 
the example and the dissipation 
characteristics curves for this device in 
Fig. 6, one can calculate the power 
dissipation of a divide-by-sixteen binary 
ripple counter and compare it to that of a 
Johnson counter. 


system is actually a divide-by-two system. 
The divide-by-sixteen counter would 
require (16 = 2^1 four flip-flops. At a 
clock frequency of 4 MHz, a Vj)j) of 10 
volts, and an output capacitance of 15 pF, 
this 4-stage network would operate at the 
following frequencies and, from Fig. 6, 
dissipate the indicated power: 


Stage 1 2 X 10^ Hz 

Stage 2 lx 10^ Hz 

Stage 3 0.5 x 10^ Hz 
Stage 4 0.25 x10^ Hz 


2.3 X 10^ fj'W 

1.7 xlO^ //W 
l.OxlO^AfW 
0.5 X 10^ pW 


The timing diagram given in Fig. 7 
shows that each toggle flip-flop in a binary 


Total Power 5.5 x 10-^ jLiW= 5.5 mW 


Fig. 5 - Functional diagram of dual D 
flip-flop type CD4013. 
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INPUT FREOUENCYd,)- Hz 

Fig. 6 - Dissipation characteristics curves 
for type CD4013. 

For a Johnson counter, which operates 
by feedinj^ back tl)e inverted output of the 
final stajjce, the number of stages utilizing 
the CI)4()13 flip-flop needed for a divide- 
by-sixteen counter is eight. The outputs 
are changing at a rate of 

4x 10<'Hz -» = ().:> X IO<>Hz 

Each flip-flop at this frequency and at an 
operating voltage of 10 volts and an output 
load of 15 pF would, from Fig. 6, dissipate 
approximately 1.0 x 10^ juW. The total 
dissipation for the eight flip-flops, 
therefore, would be 8x1. Ox 10^ mW = 
8.0 mW. 

This comparison shows that the power 
dissipation of these two systems is fairly 
close in value and should not be the major 
deciding factor as to which system to use 
in a specific application. 



Fig. 7 - Timing diagram for divide-by-two 
flip-flop. 


Information Density 

The most significant advantage of 
binary coimters is the amount of in- 
formation which can be realized from a 
given number. of bits. A comparison of a 
binary 12-bit system with BCD and 
Johnson coimter 12-bit systems shows that 
the binary system has 4096 separate 
states, the BCD system has 1000 separate 
stages, and the Johnson system has 24 
separate states. 


In a 12-bit system the binary counter is 
by far the most compact. In systems using 
a larger number of bits this advantage is 
even greater and is becoming increasingly 
important as manufacturers develop MSI 
and LSI devices. No longer is the con- 
straint on a design the pellet size, but 
rather the number of output pins the 
design uses. 

In a system where the goal is a specific 
output frequency and where the input 
frequency is variable, the binary ripple 
counter is and has been the choice of many 
designers. An excellent example is the 
design technique usually used in digital 
clocks and watches. An output of 1 Hz is 
obtained by coimting down from a typical 
4. 194-MHz oscillator or a 32.768-kHz 
oscillator using the appropriate number of 
binary stages. 

Dt •vice Selection 

Although the binary counter has ad- 
vantages, it does have the handicap of 
interfacing a non-binary world. It is 
difficult to decode accurately a non-binary 
count from a binary counter because a 
complex decoding scheme is needed and 
because the possibility of decoding spikes 
is increased. As shown in Fig. 8, a binary 
counter needs many external gates for 
decoding purposes. In addition, to change 



rising 

92CS-29241 

^4 ^3 ^ 

8 10 0 0 

9 10 0 1 

10 10 10 

Fig. 8 - Typical external gate required by binary 
counter for decoding; spike possibility caused by 
non-simultaneous bit change^ and, counting 
sequence requiring simultaneous bit change. 


from count 9 to count 10, two bits must 
change simultaneously. Consequently, if 
one bit changes prior to the second, a false 
count of 8 or 1 1 could be decoded. 

To avoid this kind of “glitch” 
possibility the Johnson counter was 
designed. In the Johnson counter only one 


bit is changing at a time, as shown in Fig. 
9. Decoding of the Johnson counter with 
one inverter and one two-input gate can 
always be accomplished by decoding a 1;0 
or 0;1 state between the two appropriate 
outputs. In addition, because only one bit 
is changing when the counter moves from 
one count to the next, no decoding glitches 
will develop from this decoding network. 


CD40I8 

5- STAGE JOHNSON 
COUNTER 


IT 


92C'^-<;9J40 


00000 - 0 
10000 - 1 
11000 - 2 
11100 - 3 

11110 - 4 

11111 - 5 
01111 - 6 
00111 - 7 
00011 - 8 
00001 - 9 


Fig. 9 - External gate required by Johnson 
counter; counting sequence requiring only 
one bit change\at a time. 


One disadvantage of both the binary 
and the Johnson counters is the difficulty 
of interfacing a decimal world. This 
difficulty instigated the development of 
the binary-coded decimal system. In the 
BCD system, by grouping four bits into 
each single decimal number, the actual 
count becomes much easier for human 
interface. 

By way of summary, binary counters, 
because of their high information density, 
low power consumption, and relative 
simplicity, are well suited for applications 
such as industrial timers, watch or clock 
operation, binary arithmetic systems, and 
microprocessor systems. 

Johnson counters, because of their 
decoding ease for any given count, are well 
suited for industrial controls, sequencers, 
low divide-by-n decoding, and 
programmable divide-by-h counters. 

BCD counters, because of their ease of 
interface for human control, are well 
suited for programmable divide-by-n 
coimters, counting systems for seven- 
segment readouts, industrial controls, and 
frequency synthesis. 
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Understanding Buffered and 
Unbuffered CMOS Characteristics 

by R. E. Funk 


INTRODUCTION 

Both buffered and unbuffered CMOS 
B-series gates, inverters, and high-current IC 
products are available from RCA; each pro- 
duct classification has application advantages 
in appropriate logic-system designs. Recently, 
many CMOS suppliers have been concen- 
trating on promoting buffered B-series pro- 
ducts with applications literature focusing 
on the attributes and use of the buffered 
types. This practice has left an imbalance in 
the understanding and application of both 
buffered and unbuffered gates and, in many 
instances, customers are not using unbuffered 
products when they are the best for the in- 
tended application. This Note narrows the 
misunderstandings involved in this issue by 
presenting and discussing the relative merits 
of the buffered and unbuffered CMOS devices. 

Background 

Historically, most CMOS gates, inverters, 
and high-current IC products were unbuffered, 
and exhibited good logic-system perform- 
ance, speed, noise immunity, and quasi-linear 
characteristics in a wide variety of applica- 
tions. As the scope of CMOS products 
broadened and more manufacturers entered 
the scene, buffered gate and inverter products 
were brought out by RCA and others. 
While RCA confined initial buffered pro- 
ducts to new OR and AND functions, 
other manufacturers introduced buffered 
NOR and NAND gates having the same 
generic 4000A-series designations as the 
original widely-used unbuffered gates. Many 
users were surprised by the non-interchange- 
ability of the devices in applications where 
speed, noise immunity, output impedance, 
and linear gain-bandwidth characteristics were 
critical. It is of immense benefit to CMOS 
users to have available the definitions and 
designations of both buffered and unbuffered 
B-series CMOS devices as determined by the 
JEDEC CMOS Standardizing Committee 
under the cognizance of the JC40.2 JEDEC 
Committee of EIA. The official JEDEC 
definitions are repeated below along with 
detailed explanations and examples. Com- 
parison of user-oriented characteristics and 
the use of buffered and unbuffered gates are 
also reviewed. 

Definitions 

Buffered CMOS-A CMOS device for which 
the output on impedance is independent 
of any and all valid input logic conditions, 
both preceding and present, is said to have a 
buffered output or to be a buffered CMOS 
device. All such products are designated by 
the suffix B. 

Unbuffered CMOS-Products that meet B- 
series specifications except that the logical 
outputs are not buffered and the Vjl and 
ViH specifications are 20 percent and 80 per- 
cent of Vdd, respectively, are marked with 


the UB designation, 
not limited to): 


such as (including, Dut 


and unbuffered 2-input NOR gate are shown 
in Fig. 1 . Note that the buffered logic can be 
implemented by either a 2-input NOR func- 
tion followed by two inverters or by two 
input inverters followed by the 2-input 
NAND gate and an output buffer. RCA uses 
the latter logic configuration, which has the 
advantage of optimizing device noise im- 
munity by negating the effect of stacked 
devices at the input. This characteristic is 


4000UB 

4025UB 

4001UB 

4007UB 

4002UB 

4009UB 

401 lUB 

404 lUB 

4012UB 

4049UB 

4023UB 

4069UB 


The official JEDEC definitions are pri- 
marily applicable to gates, inverters, and 
high-current (inverting) drivers such as the 
specific UB types shown above. Non-inverting 
gates and drivers as well as all MSI and LSI 
B-types are by definition B types. There are 
special analog I/O types that are also in- 
cluded as B types since they conform to all 
B standards except that they have special 
analog I/O circuitry. Examples of parts that 
have no buffered or unbuffered significance 
are: 


OR 


(a) BUFFERED — CD400IB 




(b) UNBUFFERED— CD400IUB 


92CS-28330 


Fig. 1 


- Examples of the buffered (CD4001 B) and 
unbuffered (CD400WB) 2-input NOR gate. 


4016B 

405 3 B 

4046B 

4067B 

405 IB 

4097B 

4052B 

4066B 


4511B 


4528B 


RCA will make available both types of 
CMOS gates. Logic examples of the buffered 


especially significant for 3- or 4-input gates 
where three or four PMOS or NMOS tran- 
sistors are stacked in series at the input. In 
this case, the inputs have an effective offset 
in threshold and reduced input noise im- 
munity. 

Fig. 2 is a schematic representation of the 
RCA buffered and unbuffered 2-input NOR 
gates. The improved 4-diode-input gate-oxide 
protection circuit is shown at the inputs. 



r 

1^ 

V 

OUTPl 


^Vss 



92CS-2833i 


Fig. 2 — Schematic diagrams of the buffered and the 
unbuffered 2-input NOR gate. 
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Examples 

Examination of the dc performance charac- 
teristics of both the buffered and unbuffered 
2-input NOR gate reveals the two electrical 
characteristics, output impedance and noise 
immunity, by which the types are differen- 
tiated by the JEDEC standard specifications; 


Output Impedance 

-Buffered-Fig. 3 depicts the buffered 
output stage and shows the MOS tran- 
sistor as switched on with a channel 
resistance R; R is the same value for the 
n-switch closed or the p-switch closed. 


p 

SWITCH 

R 

►Zo*R 

SWITCH 

R 
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Fig. 3 — Constant output impedance of a 
buffered gate. 

-Unbuffered-Fig. 4 depicts the unbuf- 
fered 2-input-gate p- and n-channel MOS 
switches and appropriate on-channel 
resistances. Note that the two stacked 
p-channel switches are designed for an 
on resistance of R/2. so that the output 
impedance is R when both the logic 
inputs are low, Fig. 4(b). In Fig. 4(a) 
the output impedance is R to the 
negative supply terminal (usually ground) 
for an input logic state of I , input high. 
Fig. 4(c) shows the condition when the 
unbuffered gate has an output impedance 
of R/2 for both logic inputs high. Hence 
the variable output impedance of the 
unbuffered gate. For a 4-input gate, this 
variable is R to R/4! The maximum 
output resistance of RCA buffered or 
unbuffered gates is R. Thus, minimum 
Iql Iqh specifications for buffered 
and unbuffered gates are identical. 

Noise Immunity 


The second JEDEC-defined difference be- 
tween the buffered and unbuffered CMOS 
gates (or inverters) is the difference in input 
noise-immunity characteristics. 


—Buffered— The buffered 2-input NOR 
gate voltage-transfer characteristics. Fig. 
5, are squared because of the gain of 
three CMOS stages from input to output. 
Fig. 5 shows that noise voltage inputs of 
±1.5 V at Vdp = 5 V and ±4 V at 
’^DD = 15 V will have little discernible 


+v +v 



(a) I INPUT LOW, I INPUT HIGH (b) BOTH INPUTS LOW (c) BOTH INPUTS HIGH 
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Fig. 4 — Variable output impedance of an unbuffered 
2-input NOR gate. The resistors represent the 
on impedance of a p- or n-channel MOS tran- 
sistor. 



Fig. 5 — Voltage transfer characteristics of a buffered 
2-input NOR gate (CD4001B). 


effect on the output voltage; i.e., noise 
immunity for all logic states is optimally 
high as is noise margin; 1 volt at Vop = 
5 V and 2.5 V at Vdd = 15 V. 

—Unbuffered— Fig. 6 shows the rounded 
voltage-transfer characteristics of the 
2-input unbuffered NOR gate. Also 
evident is the shift in the transfer curve 
for the different logic input states. Com- 
pare these curves to those of Fig. 5 and 
the effects of the non-buffered inputs 
as well as the gain differences are evident. 
The rounded characteristics require a 
noise-immunity specification of ±20% 
^DD 3t 5, 10 and 15 V as well as a 
reduced noise margin; 0.5 V at Vdd = 
5 V and 1.0 V at Vdd ~ 15 V. 


The above definitions use gate charac- 
teristics as illustrative of the JEDEC defini- 
tions for buffered and unbuffered charac- 
teristics relative to variable output impedance 
and noise-immunity performance. Inverters 
and high-current drivers may also be defined 


as buffered (B) types or unbuffered (UB) 
types by virtue of the squared or rounded 
transfer characteristics of Figs. 3 and 4, 
respectively. Even though both types have a 
single NMOS and single PMOS output tran- 
sistor, the rounded transfer characteristic of 
the unbuffered inverters makes them UB 
types by virtue of; 

1 . Reduced noise-immunity performance 
where the 20% rating is applicable. 

2. Varying output impedance as a func- 
tion of input voltage change along the 
rounded portion of the transfer curve. 

COMPARISONS 

Table I shows the qualitative comparisons 
of user-oriented performance characteristics 
of buffered and unbuffered CMOS gates, 
inverters, or drivers. Table II is a quantitative 
comparison of the key performance charac- 
teristics with explanations as follows; 

Propagation Delay— Delays shown are appli- 
cable to RCA 2-, 3-, and 4-input NOR and 
NANDgates. 
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Table I-Comparison of Buffered and 

Unbuffered Gate Characteristics 



(b) 


Fig. 6 — Voltage transfer characteristics of an unbuffered 

2-input NOR gate (CD4001UB) with output voltages 
of 5 and 15 volts. 

Table 11— Characteristics of Buffered and Unbuffered Gates 


Buffered Gates Unbuffered Gates 

Typical Propagation Delay 


VdD = 5V, Cl = 50pF 

150 ns 

60 ns 

Vdd=iov 

65 ns 

30 ns 

Vdd=15V 

50 ns 

25 ns 

Noise Immunity 

30% of Vqj) 

20% of V£)£) 


at 5 and 10 V 

at 5, 10, and 15 


27% at 15 V 


Noise Margin V£)d= 5 V 

1 V 

0.5 V — 

10 V 

2 V 

l.OV 

15 V 

2.5 V 

1.0 V 

Typical Output Impedance 



VdD = 5 V, Vo = ±0.4V 



2-Input Gate 

400 ohms 

200-400 ohms 

3-Input Gate 

400 ohms 

133-400 ohms 

4-Input Gate 

400 ohms 

100-400 ohms 

Typical Output Transition Time 



VdD = 5V,Cl = 50pF 



(2-, 3-, 4-Input Gates) 

100 ns 

50-100 ns 

AC Gain ^ 

«68dB 

«23dB 

AC Bandwidth Vj)j)=10 V 

280 kHz 

885 kHz 

Output Oscillation For 



Slow Inputs 

Susceptible 

Not Susceptible 


For tj.,tf > 1 ms 

For tj.,tf to 100 1 

Typical Input Capacitance 



Average 

1-2 pF 

2-3 pF 

Peak 

2-4 pF 

5-10 pF 


Characteristic 

Buffered 

Unbuffered 

Propagation Delay 

Slow 

Fast 

Noise 

Immunity/Margin 

Excellent 

Good 

Output Impedance 
and Output Transi- 
tion Time 

Constant 

Variable 

AC Gain 

High 

Low 

Output Oscilla- 
tion for Slow 
Inputs 

Yes 

No 

Input Capacitance 

Low 

High 


Noise Immunity-Table 111 shows the de- 
tailed input-voltage data-sheet specifications 
for buffered and unbuffered gates. From 
these test conditions the user-oriented noise- 
immunity and noise-margin data of Table II 
are derived. Also refer to Figs. 5 and 6 for 
the voltage-transfer characteristics that illus- 
trate the reason for the different input-volt- 
age-specification requirements for buffered 
and unbuffered devices. 

Output Impedance-Refer to Figs. 3 and 4 
and accompanying descriptions of the con- 
stant output impedance of buffered gates 
and the variable output impedance of un- 
buffered gates. Note that both buffered and 
unbuffered RCA 2-, 3- and 4-input gates are 
designed to meet the same maximum output 
impedance; output current ratings (IqL ^ttd 
Iqh) have the same minimum limit on RCA 
data sheets. 

Output Transition Time-The time required 
for a CMOS output to transfer high or transfer 
low is constant for buffered gates but varies 
according to input logic states for unbuffered 
gates. Output transition time varies as a 
function of the driving source resistance of 


the output, which is state dependent as 
indicated in Fig. 4, as well as the device 
output capacitance, which is dependent on 
both device size and input logic state. Be- 
cause of variable output capacitance, output- 
transition-time variations are not a linear 


function of output resistance. As Table II 
shows, RCA 2-, 3- and 4-input unbuffered 
gates exhibit a net 2-to-l difference in output 
transition time even though the output 
resistance has a net 4-to-l variation for the 
4-input gate. 
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Table III— Input-Voltage Specifications 


Characteristic 

O 

> 

^DD 

Limit 

Min. Max. 

Units 

Input Voltage 






Low (Vjl) 

4.5 

5 

- 

1.5 

Volts 

9 

10 


3 


B 

13.5 

15 

- 

4 


UB 

4.5 

5 

_ 

1 



9 

10 

_ 

2 



13.5 

15 

- 

2.5 


Input Voltage 






High (Vjh) 

0.5 

5 

3.5 

— 



1 

10 

7 

— 


B 

1.5 

15 

11 

- 


UB 

0.5 

5 

4 

_ 



1 

10 

8 

_ 



1.5 

15 

12.5 

- 



Notes: 

1. Noise-immunity voltage is the Vjl or Vjjj Specification Limit. 

2. Noise-margin voltage is computed as follows: 

Noise-Margin Voltage = - (Vdd-Vq) 

= ^DD“"Vih)- Vq. 


AC Gain and Bandwidth— CMOS linear-mode 
gain was measured for both the buffered and 
unbuffered RCA 2-input NOR gate by means 
of the test circuit of Fig. 7. Fig. 8 shows 
typical linear-mode gain difference between 
buffered and unbuffered RCA 2-input NOR 
gates. While absolute performance depends on 
device type (inverters; 2-, 3-, 4-input gates) 
and test configurations, Fig. 8 defines the 


approximately 3-to-l difference in linear- 
mode performance between buffered and 
unbuffered gates. 

Output Oscillation for Slow Inputs-The high 
linear-mode gain of buffered CMOS devices 
can lead to undesirable oscillation at outputs 
when input ramps are in excess of approxi- 
mately 1 millisecond duration. Fig. 9 illus- 


and therefore increases the effective average 
input capacitance. Buffered gates and inverters 
are rated at a maximum input capacitance of 
1 unit load (7,5 picofarads- JEDEC standard); 
unbuffered gates and inverters are rated at 2 
unit loads (15 picofarads maximum). High- 
current unbuffered drivers, such as the CD- 
4049UB, are rated at 3 unit loads (22.5 
picofarads maximum). 



Fig. 7 — Linear-gain test circuit. 



(o) TYPICAL C0400IB LINEAR GAIN 



(b) TYPICAL C0400IUB LINEAR GAIN 

92CS-28339 

Fig. 8 — Typical linear-mode gain of buffered and 
unbuffered 2-input NOR gate. 


2-3 mV OF NOISE 
ON RAMP 



92CS-28340 

Fig. 9 — Buffered output oscillation for a slow input. 

trates this effect when approximately 1 to 2 
millivolts of ac noise within the device band- 
width on the input signal are amplified 
through the device and tend to develop a few 
cycles of oscillation between the positive and 
negative rails under 5 -volt operation. In 
contrast, unbuffered gates do not tend to 
oscillate unless a noise voltage of 200 to 300 
millivolts were present within the bandwidth 
of the device. An input ramp of up to 100 
milliseconds duration did not create oscilla- 
tion in laboratory tests of RCA unbuffered 
gates. 

Input Capacitance-Figs. 10 and 1 1 show the 
dynamic input capacitance of the RCA 
buffered and unbuffered 2-input NOR gates, 
respectively. The large MOS transistor geo- 
metry of the unbuffered NOR gate is 
responsible for the higher peak input capaci- 
tance (Miller effect) in the linear switching 
range. The longer dwell in this linear region 
also tends to broaden the Miller capacitance. 


Applications Guidance 

Table IV summarizes preferred application 
areas for both buffered and unbuffered RCA 
B-series 1C products. This information is based 
on the buffered and unbuffered CMOS device 
characteristics listed in Table II combined 
with the author’s experience and familiarity 
with the application areas indicated. The 
information given is general guidance to allow 
the designer to key in on the specific 
performance characteristics of either device 
type. The data provided in this Note are 
derived from RCA standardized B and UB 
products whose circuit designs were imple- 
mented to match performance between UB 
and B gate types as closely as possible. For 
example, device sizes were selected to assure 
matched output drive. In addition, the pro- 
cess and layout rules followed in B and UB 
designs of RCA product are identical, as is 
the use of improved gate-oxide protection 
circuitry for B and UB product. 

RCA Gate, Inverter, and Driver Products 

Table V is a current list of SSI (small 
scale integrated) Band UB products presently 
in production by RCA. Refer to RCA pro- 
duct guides and the Databooks for detailed 
product information. 1 

References 
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Fig. 10 — Input capacitance of a buffered 2-input 
NOR gate (CD4001B). 



Fig. 11 — Input capacitance of an unbuffered 2-input 
NOR gate (CD4001UBI. 


Table IV- Applications of Buffered and Unbuffered CMOS Gates and Inverters 


Application Buffered 

High-Speed Systems - 

High-Noise Environments, 

Low-Speed Systems Preferred 

Ultra-Low-Frequency Systems 
Inputs <1 kHz sine wave or 
ramps with tj.,tf >1 ms* 
excluding Schmitt Triggers - 

Gate Applications Requiring 
Constant Output Impedance 
Such as D/A R-2R Conversion Preferred 

High-Freq., Moderate Gain, 

Linear Amplification — 

Low-Freq., High Gain, 

Linear Amplification Preferred 


Unbuffered 

Preferred 


Preferred 


Preferred 


* Applies to gates of inverter designs of Astable or Monostable multivibrators 
with T > 1 millisecond. 


Table V-RCA COS/MOS Buffered and 
Unbuffered Gate, Inverter, and 
Driver Types 


Buffered 

CD4000B 

CD4001B 

CD4002B 

CD4010B 

CD4011B 

CD4012B 

CD4023B 

CD4025B 

CD4050B 

CD4068B 

CD4071B 

CD4072B 

CD4073B 

CD4075B 

CD4078B 

CD4081B 

CD4082B 


Unbuffered 

CD4000UB 

CD4001UB 

CD4002UB 

CD4007UB 

CD4009UB 

CD4011UB 

CD4012UB 

CD4023UB 

CD4025UB 

CD4041UB 

CD4049UB 

CD4069UB 
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Radiation Resistance of the COS/MOS 
CD4000A and CD4000B Series 


by M. N. Vincoff 

Complementary MOS (COS/MOS) inte- 
grated circuits possess many advantages which 
recommend their use in radiation-susceptible 
space and military environments. Several of 
the most significant of these advantages 
are: ultra-low standby-power consumption, 
high noise immunity,^ extremely high pack- 
aging density, and inherently high reliability.^ ^ 
These advantages, along with the improved 
radiation resistance of the 1975 and 1976 
RCA CD4000A and CD4000B series over the 
previous CD4000 and CD4000A series de- 
scribed in earlier radiation studies,'^ exhibi) 
the maturity reached by the MOS technology 
since 1969. 

A number of studies of the radiation 
resistance of complementary MOS devices 
by JPL, NASA, NRL and various companies 
in the space industry have revealed two areas 
of prime concern.^’ ^ The first, permanent 
radiation exposure, as experienced in a space- 
satellite environment, causes a shift in thres- 
hold or switching voltage, which could result 
in increased leakage current, II. The second, 
transient radiation exposure, as experienced 
in an atomic environment, causes the output- 
voltage levels to respond to a pulse of 
ionizing radiation; this effect could change 
the state of the logic circuitry and require 
resetting of that circuitry for proper equip- 
ment or system operation. 


Permanent-Radiation Resistance 

The CD4000 series was resistant to perma- 
nent radiation levels of 2 x 10"^ rads (ap- 
proximately 10l^e/cm^)in 1971 and 1972. 
In 1973, the RCA CD4000A-series devices 
without special processing were found to be 
resistant to radiation levels up to 2 x 10^ 
rads (approximately 10^.^ e/cm^), as shown 
in Fig. 1."^ In this figure the change in 
switching voltage V§ was plotted as a func- 
tion of dose; the value of Vg was calculated 
from the average value of Vjjsj and Vjp for 
the devices mentioned. In 1974 a minor 
change was made to the process and the 
radiation resistance was reduced to the 
1971 - 1972 level. In late 1974 and early 
1975 a JPL/NASA contract study resulted 
in a second change to the process (gate- 
oxide area); the change achieved a repeated 
radiation-resistance level of 1 x 10^ rads 
(Si). This level of radiation resistance is 
presently provided on Class A parts having a 
“Z” designation after the part number. 


Vdd = 10 VOLTS. DOSAGE = Co®° GAMMA SOURCE 


1 1971,72,74 

2 1973, 1975 

3 1976 SOME 
DEVICE TYPES 


/ 


/ 






CD4000 / CD4000A a / 

CD4000A / CD4000B / 

SERIES y' SERIES V 

i/ hy 


/ 


2X10^ 2x10* 

RADS (Si) 


I 1 1 I I 

10 '® 10 " 10 '* 10 '* 10 '^ 
(e/cm* ) 

♦positive bias applied 100% of THE TIME 92cs-22496Rl 
Fig. 1 — Permanent radiation resistance of CD4000-, 
CD4000A- and CD4000B-series devices. 


Product with this designation is tested on a 
lot-sampling basis using a Gamacell-200 
Co-60 radiation source. Latest radiation- 
process improvements and resultant pro- 
duction studies indicate that some 1976 
product exhibits radiation-resistance levels 
up to and beyond 1 x 10^ rads (Si). RCA 
expects to have production CD4000A and B 
series product available to 1 x 10^ rads (Si) 
in 1977. 

The new radiation level of the CD4000A 
and B series represents a significant im- 
provement over the previous CD4000A 
series. In addition, with minimal shielding 
(for example, 1/16-inch of aluminum) the 
CD4000A or B series can be used in appli- 
cations with levels of radiation up to 2 x 10^ 
rads (approximately 10^"^ e/cm^). 

Transient-Radiation Resistance 

The resistance of the latest CD4000A and 
B series (1975 and 1976) to transient 
radiation is expected to be better than that 
of the past CD4000A series, which should 
v/ithstand pulses of radiation in the range of 
approximately 10^ to 10^® rads/s.^ 

Design Considerations 

The resistance of the CD4000A- and 
B-series devices to either perlnanent- or 
transient-radiation exposure can be increased 
by providing either minimal shielding in the 
equipment enclosure containing the devices 
or by locating the devices deep within the 
equipment. In any case, the action taken 
will depend on the constraints dictated by 
the radiation environment imposed by the 
system or program. Each application must be 
tested and the results analyzed with the 


data in this Note as criteria. Test items to 
be considered are radiation environment, 
which will vary greatly depending on dosage 
rate; time of exposure; amount of normal 
shielding; distance of the device from the 
radiation' source; shielding afforded by the 
atmosphere; power-supply voltage selection; 
and switching cycles used during exposure. 
For example, consider the effects of perma- 
nent radiation on two spacecraft in 90-degree 
orbits at 600 and 1500 nautical miles from 
the earth, respectively. The dose-depth is 
determined as shown in the curves of Fig. 2. 




(0) 600-MILE, 90* ORBIT (b) 1500-MILE, 90* ORBIT 

92CS-Z2846 

Fig. 2 — Dose-depth curves for trapped electrons 
and protons in spacecraft in orbit. 

In these curves the dose in rads (Al)/day is 
plotted as a function of the thickness of 
spacecraft aluminum required to shield the 
devices from trapped electrons and protons.^ 

Conclusion 

The RCA COS/MOS CD4000A and B 
series exhibit improved radiation resistance 
over the previous CD4000A series, and 
operate well in many applications in which 
permanent and transient radiation effects 
are factors. When stringent radiation re- 
quirements are imposed, additional shielding 
can be employed to increase the radiation 
life of COS/MOS CD4000A- or B-series 
devices to any desired level, i.e., to make 
their radiation resistance equivalent to that 
of bipolar devices.^>^ 
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Applications of CD40107BE 
COS/MOS Dual NAND Buffer 

by D. J. Blandford and G. L. Gimber 


This Note describes the characteristics 
of the COS/MOS dual NAND buffer, the 
CD40107BE, and the wide variety of practi- 
cal applications in which this important 
addition to the CD4000-series of COS/MOS 
devices can be used. 

CHARACTERISTICS 

Fig. 1 shows the logic diagram of the 
CD40107BE, which consists of two 2-input 
NAND buffers in an eight-pin plastic pack- 




92CS-28347 

Fig. 1 — Logic diagram of the CD40107BE 
NAND buffer. 


age; pin assignments are shown in Fig. 2. 
The bar on the output line of the logic 
diagram in Fig. 1 indicates that the output 



92CS-2834e 


Fig. 2 — Pin assignments of the CD40107BE. 

is Open-drain, as shown in Fig. 3, the circuit 
diagram and truth table for a single buffer. 



REQUIRES EXTERNAL PULL-UP 


Fig. 3 — (a) Circuit diagram of the CD40107BE, 
(b) truth table for 1 of 2 gates. 


Each input includes the standard COS/MOS 
protection network, a 1.5 kilohm input 
resistor and diodes to V[)j) and V55. The 
output device is a large n-channel transistor. 
Typical transistor sink-current characteristics 
are shown in Fig. 4 in which drain current, 
lp)jsj, is plotted against drain-to-source voltage, 
VdS. Vqs = 5 V, 10 V and 15 V (i.e., 
Vdd - 5 V, 10 V, and 15 V). Note, forex- 
ample, that for a of I volt and a 10-volt 
supply, the NAND buffer is capable of sink- 
ing typically 120 milliamperes. Applications 
of this large current-sinking capability ar-e 
described below. 

A pull-up resistor from the output (pins 
3 or 5) to Vqj) enables the device to per- 
form the logical NAND function, as shown 
in the truth table. Fig. 3(b). Useable values 
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Fig. 4 — Minimum output low (sink) current 
characteristics of the CD40107BE. 


of pull-up resistance lie between approxi- 
mately 100 ohms and 1 megohm. Care should 
be taken when choosing a pull-up resistor 
or any other load not to exceed the maxi- 
mum power dissipation of the device. De- 
signers should refer to the device data sheet 
for allowable dissipation limits over the 
desired temperature range. 

The three stages of gain from input to 
output of the CD40107BE, Fig. 3(a) result 
in a very sharp transfer characteristic. Fig. 5, 
near the ideal for a digital logic device. 
More complete characteristics are given in 
the CD40107B data sheet. ^ 
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Fig. 5 — Transfer characteristics of the 
CD40107BE showing source- 
bias effect. 


PRACTICAL APPLICATIONS 

Practical applications of the CD40107B 
overlap with those of other devices in the 
COS/MOS CD4000 series, for example, with 
the logical NAND function of the CD4011 
and with the buffer function of the CD4041, 
CD4049, and CD4050. However, the appli- 
cations described in this Note are those for 
which, until now, no COS/MOS NAND 
buffer has had sufficient drive capability, in 
the hundred milliampere range. 

In the first of these applications, Fig. 6, 
two NAND buffers are each driving a 2.2- 
watt, 12-volt incandescent lamp. The cir- 
cuit is arranged as an astable oscillator with 
its period of approximately two seconds 
determined by the external capacitor and 
resistors. In this and other similar appli- 
cations the load is used as a pull-up from 
the open-drain output to a power-supply 
voltage greater than zero and equal to or 
less than Vdq. 


I/2CD40I07BE 


UD 

j=^,l2V /C^,I2V 

(^2.2W (^2.2W 


( - 0.5 Hz 
1/2 C040I07BE 


lOM 0.1^, 

92CS- 28352 

Fig. 6 — A 2. 2- watt incandescent lamp-driver 
circuit. 
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The same type of astable circuit is shown 
in Fig. 7, but with a single load device, an 
LED with a current limiting resistor of 150 
ohms. The NAND buffer, as well as driving 
the load, forms part of the astable circuit, 
with one of its inputs used as an enable; 
when this input is low, the LED is perma- 
nently off. The other half of the astable 
oscillator utilizes a two-input NOR gate, 
the CD4001AE, one input of which is used 
as an inhibit. With the timing components 
shown, the astable frequency is approxi- 
mately 4 Hz. 


Vdo-^5 



INHIBIT 


ENABLE 


OUTPUT 


0 0 OPF 

1 O ' OFF 

0 I OFF 

1 I ON 


92CS-283S3RI 

Fig. 7 — LED driver circuit 


Tlie NAND buffer is typically capable of 
sinking 120 milliamperes at a Vpg of 1 volt 
with a 10-volt supply. It therefore meets the 
typical requirements for the current-sinking 
device at the cathode terminal of a common- 
cathode LED multiplexed display circuit, 
Fig. 8 . In this display circuit, data is 
presented in the form of four BCD numbers 
to be displayed on the four seven-segment 
LED’s; the clock input determines the multi- 
plexing rate. The two D-type flip flops of the 
CD4013AE or BE are arranged as a two-stage 
Johnson counter, the two Q outputs of 
which select the data transferred by the 
CD4052BE multiplexers to the CD4511BE 
decoder-driver. The same Q outputs are 
decoded by the four NAND buffers and 
used to turn on the seven-segment displays 
in the correct sequence. For example, when 
Q 1 = 1 and Q2 = 0, both inputs of the 
NAND buffer marked B in Fig. 8 are high, 
and the buffer sinks current through the 
diodes of the second seven-segment display 
digit. 



Fig. 8 — Multiplexed LED circuit 


By using the two NAND buffers of a single 
eight-pin DIP in parallel, it is possible to 
interface directly from a COS/MOS system 
to a heavy-duty load typified by the com- 
puter peripheral-printer hammer solenoid of 
Fig. 9. This type of solenoid typically re- 
quires 250 milliamperes to turn on which, 
at a supply voltage, V 0 d, of 12 volts, 
implies a of approximately 0.6 volt. 
To prevent excessive current flow through 
the electrostatic-protection diodes to Vpj) 
at the outputs of the NAND buffers, 
in applications such as the one under dis- 
cussion, the switching of inductive loads, the 
protection diodes should be shunted with a 
low-dynamic-impedance switching diode, such 
as a 1N4154. 

In many systems where COS/MOS devices 
are used for their wide operating-voltage 


Vdo-*-'2V 



Fig. 9 - Solenoid driver circuit 


range and high noise immunity, and particu- 
larly in industrial control applications, it is 
important to be able to drive relays directly. 
Fig. 10 shows a NAND buffer driving a 
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Fig. 10 - Relay driver circuit 


common type of 12 -volt relay, a two-pole 
change-over type with a coil resistance of 
185 ohms. Again, a 1N4154 shunt diode 
is advisable. 

Fig. 11 shows a reversible 12-volt tape- 
recorder motor driven by two NAND buffers 
in a bridge circuit. Two p-n-p transistors 
provide an active pull-up to 

SCR’s and triacs typically require tens of 
milliamperes of gate current, more than the 
current capability of a standard COS/MOS 
device output. The NAND buffer, however, 
is able to sink sufficient current, and in 
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Fig. 11 - MotorcontroHer circuit 
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Fig, 12 is seen driving a 2N5756 triac. 
If isolation is required between the COS/MOS 



Fig. 12— Direct dc drive interface of CD40107BE 
with a triac. 


and triac systems, the circuit of Fig. 13 is 
used. In the figure, the NAND-buffer load 
is the primary coil of a pulse transformer 


T j , and when 5- to 10-microsecond pulses are 
applied at a 100-Hz repetition rate to the 
COS/MOS input, sufficient current flows in 
the transformer secondary to keep the triac, 
a T2700D, turned on. The NAND-buffer 
circuits make it possible for a COS/MOS 
system to control several amperes of current 
at line voltage. 

Line driving is another application re- 
quiring large current pulses; Fig. 14 shows 
two NAND buffers driving a twisted-pair 
transmission line. Clock rates up to 8 MHz 
are readily achieved by circuits driving five 
meters of a 130-ohm line twisted at two 
turns per inch. 

One of the most important applications 
for the open-drain NAND buffer is the 


COS/MOS to TTL interface shown in Fig. 15. 
The Vdj) pin of the CD40107BE is con- 
nected to the power supply of the COS/MOS 
system, the external pull-up resistor to the 
5-volt TTL supply. The values of the pull-up 
resistor required and the number of loads 
that may be driven are shown in the table 
accompanying Fig. 15. 
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isolated. Fig. 14 — Line-driver circuit. 
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Fig 15 — COS/MOS to TTL interface. 
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COS/MOS Electrostatic-Discharge 
Protection Networks 

by H. L. Pujol 


RCA’s two families of CMOS 
devices, the standard A series (3 to 15 
volts) and the high-voltage B series (3 to 
20 volts), are equipped with networks to 
protect the gate oxide of the devices 
against damage resulting from discharge 
of electrostatic energy between any two 
pins. 

The gate input of a CMOS device is 
equivalent to a small, low-leakage 
capacitor (typically 5 picofarads) in 
parallel with a very high resistance 
(typically 10^^ ohms). Because of this 
extremely high impedance which lends 
itself to the buildup of electrostatic charge, 
even a very low energy source (such as a 
static charge) is capable of developing 
voltages in the order of 80 volts, the 
typical breakdown voltage of an MOS gate 
oxide. In contrast with other semicon- 
ductor devices in which the breakdown 
can be tested any number of times without 
damage, the MOS gate oxide can be 
shorted, and the device destroyed, as the 
result of only one voltage excursion to the 
breakdown limit. 

Protection Networks 

Figs. 1 through 4 show the various 
protection networks incorporated in all 
COS/MOS product. 

Standard Protection Networks 

Fig. 1 shows the standard protection 
network incorporated in all A-series and 
some B-series devices. Input-diode D2 is a 



* THESE- DIODES ARE INHERENTLY PART OF THE 
MANUFACTURING PROCESS. 
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Fig.2 — Improved protection network. 
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Fig.3 — Modified protection network. 
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Fig.4 — Transmission gate with intrinsic diodes 

that protect against electrostatic discharge. 


Other Protective Networks 

Fig. 3 shows the modified protective 
network for a CD4049/4050 buffer. The 
input diode to Vj^jy is not incorporated so 
that the level-shifting function can occur. 


Fig. 1 — Standard protection network. 


distributed resistor-diode network that 
appears as two diodes to Vj)f). 

Improved Protection Network 

Fig. 2 shows the improved protection 
network incorporated on all new B-series 
devices as well as on all A-series B- 
con verted types. 


Equivalent-Body Discharge Network 

The protection networks described in 
this Note are evaluated and characterized 
by using the equivalent-body discharge 
network of Fig. 5. As C is increased, the 
amount of static energy dumped into the 
CMOS device increases. As R is 
decreased, the energy dissipated outside 
the device is reduced, thereby increasing 
the energy dissipated in the unit. A 


mercury relay is used to switch the RC 
source because such relays are fast and 
free from arcing or bouncing effects. 
Characterization of the various protection 
networks is done in 12 different com- 
binations of inputs, outputs, and 



Ch • HUMAN BODY CAPACITANCE TO GROUND 
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Fig.5 — Equivalent-body discharge network. 


polarities. The combinations include all 
combinations of any two of the following 
pins: input, Vp)]), and output. 

Evaluation of a protective network 
begins with the charging of a 100- 
picofarad capacitor through a 22-megohm 
resistor and a mercury relay to the desired 
voltage. The capacitor Cjj of Fig. 5 is 
then discharged through the same mer- 
cury relay and a 560-ohm resistor into the 
pins under test. Results of repetitive tests 
are used to determine the worst-case 
capability of the protective networks, 
Table I. 


TABLE I — Worst-Case Capability of 
Protective Networks 


Worst-Case 

Protective Network Capability 


Standard 

(inch CD4049, CD4050) 
Improved 
Transmission Gate 


1 kV to 2 kV 
4kV 
<800 V 


Additional protection can be obtained 
by adding external series resistors at 
device inputs. The value of this resistance 
should be approximately 10 kilohms for 
gate inputs and 1 kilohm for transmission 
gate inputs. In addition, zener diodes at 
the output pins can clamp the voltage to a 
safe level. The zener-voltage should not 
exceed the absolute maximum rating of 
the part. On-chip protection networks are 
not used on transmission gates so that 
their low “on” resistance can be main- 
tained. The 800-volt worst-case capability 
shown in Table I is provided by the in- 
trinsic diodes shown in Fig. 4. 

The value of the input resistor on all 
protection networks, except that used in 


762 








ICAN-6572 


insmission gates, can vary between 100 
ms and 2.5 kilohms because of circuit- 
sign differences. This resistance, in 
□junction with the capacitance of the 
te and the associated protective diodes, 
:egrates and clamps the device voltages 
a safe level. The diagrams of Figs. 6, 7, 
d 8 demonstrate that the standard 
otection networks prevent higher than 
rmal voltages from reaching the gate of 
e MOS device. In addition, the low RC 
□e constant assures that circuit speed 
mains unchanged in spite of the ad- 
tional components. 


Because of the presence of the in- 
tegral protection network, the Vj)£) 
power supply must not be turned off while 
a signal from a low-impedance pulse 
generator is being applied at an input of a 
COS/MOS circuit. Should the Vj )]3 
supply be turned off under such con- 
ditions, the Vj 3 j) line would be essentially 
grounded, and a positive voltage from the 
pulse generator would be impressed across 
the input diode to Vp)]). This voltage 
could cause permanent damage to the 
diode or burn out the Vj)£) metallization. 
If it is expected that any input excursion 


will exceed 4- Vjyj) or fall below Vgg, the 
current through the input diodes should be 
limited to 10 milliamperes or less to assure 
safe operation.^ 


Reference 

1. For additional operating con- 
siderations see “Guide to Better 
Handling and Operation of CMOS 
Integrated Circuits,” J. Flood, H. L. 
Pujol, RCA Solid State Application 
Note ICAN-6525. 
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Fig.6 — Circuits used to provide protection between input pin 
and Vqq pin. 


Fig. 7 — Circuits used to provide protection between 
input pin and ground pin. 
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Fig.8 — Circuits used to provide protection between input pin and output pin. 
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Power* Supply Considerations 
for COS/MOS Devices 


by H.L. Pujol 

RCA COS/MOS Digital Integrated Circuits operate at 
extremely low power dissipation levels. They function 
reliably with high noise immunity over a wide operating- 
voltage range. The RCA COS/MOS product line includes a 
standard line designed to operate with voltage supplies 
from 5 to l5 volts and a low voltage “A” series line 
designed to operate from 3 to' 15 volts. These properties 
enable system designers to operate RCA COS/MOS 
devices from unregulated, poorly-filtered supplies, or from 
a wide variety of single- or multiple-cell battery sources. 

This Note describes the salient features of COS/MOS 
devices which permit operation from such a wide range 
of power sources and provides the system designer with 
the necessary information to permit him to design the 
most economical power source for his COS/MOS system. 
This Note is applicable to both COS/MOS product lines 
mentioned above. 

REVIEW OF PERTINENT COS/MOS DEVICE 
FUNDAMENTALS 

Enhancement-Mode Device Characteristics 

The-MOS enhancement transistor is a majority-carrier 
device (See Fig. 1) in which the current in a conducting 
channel between two diffused electrodes (denoted as the 
source and the drain) is controlled (enhanced) by a 
voltage applied to a third terminal (the gate), wliich is 
insulated from the source and drain. 



Fig. 1- Cross-section of COS/MOS transistor. 


In an n-type device, the majority caniers are elec- 
trons. A positive voltage on the gate is required to 
enhance the conducting channel. For all gate voltages less 
than a threshold value (V^j^), the conductivity of the 
channel is negligible and the device is said to be cut-off. 
For gate voltages greater than the channel is “en- 
hanced”, and current flow in the channel will occur if a 
suitable voltage is applied between the source and drain. 
The resultant device characteristics are sliown in Fig. 2a. 



The operation of the p-type device is analogous to 
that of the n-type, except that the carriers are holes, and 
the applied voltage required to enhance the channel must 
be negative rather than positive. (See Fig. 2b), 

The gate electrode for a device of either polarity is 
insulated from the body of the device; therefore, current 
flows only from source to drain in the channel, never 
from the gate into the channel. 

DRAIN- TO -SOURCE VOLTS (Vpg) 



Fig. 2b— Typical p-channe! characteristics. 


CHARACTERISTICS OF A BASIC COS/MOS 
LOGIC INVERTER 
Quiescent Device Dissipation. 

The basic logic inverter (or gate) formed by use of 
only a p- and an n-type device in series is shown 
schematically in Fig. 3. When the input lead is grounded 
or otherwise connected to 0 volts (logical “O”). the 
n-device is cut-off, and the p-device is biased on. As a 
result, there is a low-impedance path from the output to 
Vdd. and an open circuit to ground. The resultant 
output voltage is essentially or a logic “1”. 

Similarly, when the input voltage is a logic “1”, or 
Vdd. n-channel device becomes a low imped- 

ance, while the p-channel device becomes an open circuit. 
The resultant output becomes essentially zero volts (logic 
“ 0 ”). 

Note that one of the devices is always cut-off at 
cither logic extreme, and that no current flows into the 
insulating gates. As a result, the inverter quiescent power 
dissipation is negligible (equal to the product of Vdd 
times the leakage current). 

A cross section of the COS/MOS inverter as it is 
formed in an integrated circuit on an n-type substrate is 
illustrated in Fig. 1. The source-drain diffusions and the 
p-well diffusion form parasitic diodes (in addition to the 
desired transistors) at the basic inverter nodes, as shown 
in Fig. 4. These parasitic elements are back-biased (across 
the power supply) and contribute, in part, to the device 
leakage current and thus to the quiescent power 
dissipation. 


''do 



Fig. 3— Basic COS/MOS inverter (schematic/ 


''do 
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Fig. 4— Basic inverter showing parasitic diodes. 


RCA’s product line of COS/MOS devices consists i 
circuits of varying complexity (i.e., from the dual 4-inpi 
logic gate that contain 16 MOS devices, to the mo 
complex 64-bit static shift registers that contain ov 
1000 devices). These devices occupy different amounts > 
silicon area and are composed of varying numbers i 
circuits formed from inverters. Consequently, each devii 
in the family exhibits a particular magnitude of leaka] 
current, depending upon the total effect of device coui 
and parasitic diode area. For example, some logic gat 
are specified to operate with a typical power dissipatic 
of 5 nW (Vdd'^IO^. but 7-stage counters or registe 
are specified to operate with a typical power dissipatu 
of 5/iW (Vdd" 10^- Published data includes bo 
typical device quiescent-current levels and maximum leve 
(Vqd'^SV and Vdd=I 0V). The maximum values a 
rarely encountered in RCA devices. 

Device — Switching Characteristics. 

The input/output characteristics for the COS/MC 
inverter are shown in Fig. 5. As mentioned earlier tl 
signal extremes at the input and output are appro? 
mately zero volts (logic “0”) and Vdd “1”). Tl 

switching point is shown to be typically 45 to 55% 
the magnitude of the power-supply voltage (regardless 
the magnitude of the power-supply voltage) over tl 
entire range from 3 to 15 volts (or 5 to 15 volts). No 
the negligible change in operating point from -550C to 
1250C. 

These excellent switching characteristics permit CO 
MOS devices to be operated reliably over a wide range 
voltages, a property not found in other logic forms. 

AC Dissipation Characteristics. 

During the transition from a logic “0” to a logic “1 
both devices are momentarily on. This condition resul 
in a pulse of instantaneous current being drawn from tl 
power supply. The magnitude and duration of tl 
current depends upon the following factors: 

(a) the impedance of the particular devices being usi 
in the inverter circuit 

fb) the magnitude of the power-supply voltage 

(c) the magnitude of the individual device threshc 
voltages 

(d) the input driver rise and fall times 



Fig. 5— Typical COS/MOS transfer characteristics as 
function of temperature. 
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An additional component of current must also be 
drawn from the power supply to charge and discharge the 
internal parasitic node capacitances and the load capaci- 
tances seen at the output. 

The device power dissipation which results from the 
above current components is a frequency-dependent para- 
meter. The more often the circuit switches, the greater is 
the resultant power dissipation. The heavier the capacitive 
loading, the greater is the resultant power dissipation. The 
power dissipation is not duty-cycle dependent. For all 
intents and purposes it may be considered frequency 
(repetition-rate) dependent. 

Because the RCA COS/MOS product line ranges 
widely in circuit complexity from device to device, the ac 
device dissipations vary widely from device to device. The 
effect of capacitive loading on the individual devices also 
varies. Figs. 6a and 6b show a family of curves for a 
typical gate device and a typical MSI device. These 
curves, from the published data for the individual devices, 
illustrate how device power dissipation varies as a 
function of frequency, supply voltage and capacitive 
loading. 

AC Performance Characteristics. 

During switching, the node capacitances, within a 
given circuit, and the load capacitances external to the 
circuit, are charged and discharged through the p- or 
n-type device conducting channel. As the magnitude of 
Vj)p) increases, the impedance of the conducting channel 
decreases accordingly. This lower impedance results in a 
shorter RC time constant (this non-linear property of 
MOS devices can be observed from a close scrutiny of 
the characteristic curves in Fig. 2). The result is that the 

maximum switching frequency of a COS/MOS device in- 
creases with increasing supply voltage. (See Fig. 7a). 

Fig. 7b shows curves of propagation delay as a function 
of supply voltage for a typical gate device. However, the 
the trade-off for low supply voltage (i.e., lower output current 
to drive a load) is lower speed of operation. 

The power dissipated during switching (if the load is 
assumed to be capacitive) is equal to: 

Co Vqp)/ [power is equal to energy per unit time] 
where Cq is the output and load capacitance, V^D is the 
supply voltage, and / is the operating frequency in hertz. A 
measure of this power dissipation as function of frequency can 
be obtained from the model shown in Figs. 8a and 8b which 
assumes step inputs and zero mode capacitance. 

The average power for the square-wave input voltage 
shown (repetition rate to = 1/to) is calculated as foHows: 

'f f'° 

to J ■ • J 




Fig. 6- Typical power dissipation characteristics (a) Basic 
gate power dissipation characteristics (b) MSI device 
power dissipation characteristics. 



SUPPLY VOLTS (Vqq) 
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For P with Ij,j(t) - lp(t) - (step inputs only). 


‘o 0 


(VdD - Vo)d(VDD-VJ 




Thus, for a step input, the average power dissipated is 
directly related to the energy required to change and dis- 
charge the circuit capacitance to the supply voltage, Vdd. It 
should be noted that this power is independent of the device 
parameters. Although this equation was derived using an input 
voltage with a rise time of zero, it has also been shown to be a 
good approximation for circuits where the input voltage rise 
and fall times are small with respect to the repetition rate. 



Fig. 7— Operating frequency and propagation delay as a 
function of power-supply voltage (a) Maximum 
guaranteed operatirxg frequency as a function of 
power-supply voltage (b) Propagation delay as a 
function of power-supply voltage for the basic 
gate. 


Calculating System Power 

The foregoing material presented fundamental reasons why 
COS/MOS devices exhibit extremely low quiescent power. 
Also presented were reasons why ac power dissipation in- 
creases with operating frequency and why it varies from 
device to device. 

For these reasons certain guidelines have been developed 
to assist the designer in estimating system power. Total sys- 
tem power is equal to the sum of quiescent power and 
dynamic power. Therefore, the two-step approach outlined 
below can be used: 

1 . Add up all typical package quiescent power dissipations 
(as shown in the RCA COS/MOS published data). 
Because quiescent power dissipation is equal to the 
product of quiescent device current times supply volt- 
age, this parameter may also be obtained by adding all 
typical quiescent device currents, and multiplying the 
sum by the supply voltage, Vop. Quiescent device 
current is shown in the published data for supply volt- 
ages of 5 volts and 10 volts only. 

In cases where the supply voltage is other than that 
shown in the published data, the quiescent device cur- 
rent can be interpolated because this current varies 
approximately linearly with voltage. 



Fig. 8— Model for the evaluation of power dissipation 
(a) Waveforms (b} Circuit 

2. Add up all dynamic power dissipations using 
typical curves of dissipation per package as a 
function of frequency shown in the published 
data. In a fast-switching system, most of the 
power dissipation is dynamic, therefore, quiescent 
power dissipation may be neglected. 

The example below illustrates how these rules are 
used to calculate total system power dissipation. 
The system illustrated consists of ten 2-input NOR 
gates, eleven inverters, one D-type flip-flop, and 
one 7-stage binary counter. The system operates 
with a supply voltage of lOV at a frequency of 
100 kHz, and has a load capacitance of 15 pF. 
(See Table 1) 

Table i 


Types 

PQuiescent 

p.\N 

POynamic 

mW 

Gates 

0.03 

2 

Inverters 

0.01 

2 

D-type F/F 

0.05 

0.2 

Counter 

5 

0.6 

PT = Pq + Pd = 4.8m\A/ (neglecting Pq) 


This example assumes that all devices are switching at 
the clock-rate (100 kHz). Not all of the logic circuits will 
be switching states at this rate, thus, the total power 
dissipation will be significantly lower than that stated in 
the example. 
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PowflT'Supply Regulation Requirements. 

The preceding discussion demonstrated that COS/MOS 
devices exhibit reliable switching properties over a wide 
range of power-supply voltages. This fact implies that an 
unregulated supply may be used with the provision that 

(1) maximum voltage limits are not exceeded or 

(2) system speed is no greater than the speed which 
can be supported by the COS/MOS devices operating at 
the lowest value of the Vnn expected from the unregu- 
lated sup|dy. 

To establish the extent of the regulation required, the 
system designer must first determine the maximum 
operating frequency required. Usually, the maximum 
frequency of the qrstem is limited by the lowest 
responding devices in a logic chain. By reference to the 
curve of frequency as a function of Vdd and Cl given 
in the publiJied data for that device, a minimum VjyD 
voltage (required for proper operation) can be deter- 
mined. Any value above this Vdjj (minimum) will 
provide acceptable performance in the system. By selec- 
tion of a nominal Vdjj half way between Vjjjj (mini- 
mum) and the IS-volt maximum rating for COS/MOS 
devices, the designer can estimate the percentage regula- 
tion required for his system to perform adequately. 

For example, the published data of the RCA 
CD4004A 7-stage binary counter shows a curve (shown in 
Fig. 9) of frequency as a frmetion of operating voltage 
for that device. For operation of this counter at 5 MHz, 
with a loading capacitance of ISpF, the minimum operat- 
es ^DD pennlHed for reliable operation is 10 volts, as 
shown on the curve. 

Because the maximum Vdq is IS volts, a half-way 
voltage of 12.S volts should be the nominal value used. 
In this case, the maximum percentage regulation is 20%. 
If the designer desires a nominal Vpjj closer to Vdd 
minimum, then better regulation is required, (for example 
in battery-operated equipment where a standard cell is 
available). 

Filtering Requirements 

Power-supply filtering requirements for COS/MOS 
systems are minimal. Two factors account for this 
situation: (1) the low quiescent power dissipations 
involved, and (2) the fact that the peak value of the 
ripple does not go below a minimum Vjjj) (which 
supports the required switching frequency), so that the 
COS/MOS logic performs satisfactorily. 



Fig. 9— Maximum frequency as a function of power- 
suppiy voitage for the CD4004 and CD4004A 
types. 


This performance has been demonstrated in the 
laboratory (see Fig. 10). The amount of ripple on the 
power supply is quite hi^, yet the device functions 
properly. 

Typical Suppllai 

The following circuits indicate some examples of 
adequate supplies for COS/MOS systems. 



Fig. 10— Peak-to-peak ripple voltage as a function of 
frequency. 


The low current demand of the COS/MOS system 
permits an inexpensive but effective Zener diode 
regulator. 

Some of the design considerations arc as follows: 

1. Selection of Zener Diode and Resistor R 

The amount of current that must be maintained 
through the diode (Id) is a function of the difference 
between the worst -case average current required by the 
COS/MOS systems and the current required by the 
Zener diode for regulation based on its particular 
breakdown characteristics. 

The diode current (Id) and the worst-case average sys- 
tem cunent (lavg) determine the value of the resistor 
(R) for a particular 2^ner regulating voltage. 

2. Selection of Capacitance C 

Before the proper capacitance can be selected the 
following system requirements must be decided upon: 

a. Peak charge requirement . This requirement is a func- 
tion of the peak current and its pulse width. It must 
be measured for the particular system speed and 
load capacitance. 

b. Permissible Vdd minimum: As mentioned in pre- 
vious sections, this minimum voltage will determine 
the maximum operating speed of the COS/MOS 
system. 

The size of the capacitor (C) may then be determined 
from the following formula: 

Q = Ipt (charge = peak current x pulse width) 


Battery Standby System 

-o ►! t 

voc 

BATTERY-^ 

-o — — — L 


Fig. 1 1- Battery standby for COS/MOS systems. 
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Fig 12- Circuit for interface of COS/MOS systems to 
high-voitage supply. 


This system is advantageous in cases where the dc 
supply becomes open or short-circuited. 

With a low battery voltage the COS/MOS system wUI 
continue to function without interruption. In order to 
drive this system the battery voltage and dc supply 
voltage should relate as follows: 

'^battery = ^min. O (0.7V =» one diode drop) 

Vraax. > Vdc supply > V^„ t 1.4V 

In the event the supply drops below 
battery will forward bias diode D2 to form a closed- 
circuit and the COS/MOS system will continue to 
function properly through the battery. 

High DC Source 

For applications (especially in aircraft equipment) 
where the supply voltage exceeds the RCA COS/MOS 
maximum rating of Vjjp, the circuit of Fig. 12 can be 
used to reduce the high supply voltage to the normal 
COS/MOS voltage range. This configuration uses a Zener 
diode, a resistor R and a capacitor C. 


SUMMARY 

This Note shows that RCA COS/MOS devices offer many 
advantages in the area of simplified power-supply require- 
ments. The wide operating voltage range (3 to 15 volts or 5 to 
15 volts) from a single supply, low power dissipation, and 
high noise immunity permit system designers to use less ex- 
pensive, unregulated, power supplies. This wide voltage range 
makes COS/MOS logic circuits ideal for battery-operated 
equipment because a better selection of cells is feasible. 
Another advantage is the direct compatibility of COS/MOS 
devices with bipolar devices which eliminates expensive and 
power-consuming interface circuits. (Sec Ref. 1 .) 

COS/MOS transistors show great potential for use in 
large arrays because of the low power dissipation and 
effective use of diip area. The relatively small area 
consumed by COS/MOS circuits, as well as the elimina- 
tion of area and power-consuming resistors, results in high 
circuit-density per unit-sflicon-area. 

The performance features mentioned in this Note, as well 
as the reduced costs inherent in IC technology make COS/ 
MOS circuits extremely attractive in many digital systems. 

1 . “Interfacing COS/MOS WITH OTHER LOGIC FamUies”, 

ICAN6602 by A. Havasy and M. Kutzin. 
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Noise immunity of COS/MOS B-Series integrated Circuits 

by T. Chesney 
R. Funk 


The excellent noise-immunity 
characteristics of COS/MOS (com- 
plementary-symmetry /metal-oxide- 
semiconductor ) digital IC’s is a 
paramount reason for their preferred and 
successful use in high-noise automotive, 
proce ss-control , production - mon itorin g , 
arid similar harsh-noise-prone ap- 
plications. The introduction of the RCA 
B-series COS/MOS devices furthers the 
well-known noise immunity advantages of 
the COS/MOS technology in two im- 
portant ways: 

1. Improved noise-energy immunity 
as a result of balanced low- 
impedance output circuitry in all 
RCA B-series COS/MOS devices. 

2. Standardized (EIA-JEDEC 
standards) dc noise-immunity and 
noise-margin ratings covering 
buffered and unbuffered CMOS- 
logic types. 


Included in this Note are brief 
discussions of logic-system noise and 
rejection concepts, COS/MOS dc/ac 
noise-immunity specifications and 
definitions, and dc/ac noise-immunity 
performance data for several B-series 
COS/MOS gates, inverters, and higb- 
current drivers. 

Logic-System Noise Concepts 

Successful application of any digital- 
logic IC family requires consideration of 
the following: 

1. Externally or internally generated 
noise — both radiated and con- 
ducted. 

2. The inherent noise-immunity 
capability of the logic family 
selected. 

3. System noise-rejection measures. 

Without coordination of these three 
points, a system design may perform 
unfavorably. 


Consider first the various system or 
environmental noise generating sources. 
External system noise may include the 
noise imposed upon a logic system by 
electric motors, welders, rf transmitters, 
x-ray machines, high-current solenoids or 
relays, pulsed lasers, and circuit breakers. 
All of the preceding emit EMI (elec- 
tromagnetic interference), and many 
produce power-line or ground-path noise 
disturbance. External noise is charac- 
terized by randomly occurring high- 
energy transients that are not easily an- 
ticipated. Usually, this noise is coupled 
electromagnetically or capacitively to 
signal, supply, and ground lines. Internal 
logic-system noise is usually generated on 
logic-signal lines by capacitively coupled 
crosstalk or by logic-switching current 
surges on supply lines or ground lines. In 
ultra-high-speed logic families such as 
ECL, reflection noise resulting from an 
impedance mismatch is also an internal 
noise problem; but because of relatively 
long output transition times of CMOS 
devices (more than 10 nanoseconds), 
reflection noise can be excluded from 
further consideration. 


Since both external and internal noise 
must be considered, logic systems must be 
designed to survive in a medium to severe 
noise environment, a fact that leads to the 
second consideration, selection of an IC 
logic family having noise-rejection 
characteristics appropriate to the appli- 
cation. As is demonstrated below by 
considerable data, B-sepes COS/MOS 
devices have good dc and ac and noise- 
energy immunity characteristics. No 
matter how good the noise-rejection 
capability of a logic IC family, such as 
COS/MOS, system design measures to 
reduce noise entry into logic signal lines, 
power supply lines, and the ground are 
usually necessary to some extent. The 
methods most commonly used to minimize 
noise effects in COS/MOS logic systems 
are: 


1. Power-source line decoupling - 
Good practice suggests use of a 
small-value series resistor and 


zener diode and a capacitor to 
ground on each logic card or each 
50 to 100 IC’s. High-voltage supply 
transients can usually be rejected 
by this simple measure. Separate 
lines should be used for logic 
circuits and power switching 
circuits. 

2. Ground-Line Noise - In a system 
in which many high-current 
switching components, such as 
motors, relays, and SCR’s are 
involved, logic grounds should be 
separated from high energy 
component grounds. The logic 
grounds should be returned to a 
common point. 

3. AC noise on system signal inputs 

60 Hz is a commonly used 
frequency reference. Raw ac power 
lines should be isolated using a 
transformer or optical coupler. 
Zener-diode limiters are also ef- 
fective. 60-Hz signals can be 
shaped by using COS/MOS Sch- 
mitt-trigger circuits. 


NOISE SPECIFICATIONS 

COS/MOS noise immunity is 
characterized by dc specifications, ac 
noise -immunity performance, and noise- 
energy immunity performance. Each of 
these characteristics is defined below and 
supported by performance data. 

DC Specifications 

Table I shows the industry standardized 
(JEDEC) noise immunity and noise 
margin ratings, Vjl and Vjjj, for B- 
series devices. Note that separate 
specifications have been established for B 
(buffered) types and UB (unbuffered) 
types. 1 

Two important noise characteristics can 
be defined by using the Vjl and Vjjj 
ratings: 

1. Noise Immunity - The Vjl and 
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ViH limits are the device input- 
signal noise-immunity ratings 
which, as defined in Table II, are 
30, 30, and 27 percent, respec- 
tively, of the 5, 10, and 15-volt 
supply voltages for the B-series 
types. Percentages are lower for 
unbuffered gates, as shown in 
Table II. The Vjl and Vjjj 
ratings define the maximimi 
permissible additive noise voltages 
at an input terminal when input 
signals are 50 millivolts off the 
supply rails. 

2. Noise Margin - The difference 
between V|l and Vq or Vjjj and 
Vq is the device noise-margin 
voltage for the noninverting case. 
Table II designates the B and UB 
noise-margin voltages. Noise 
margin voltage is defined as that 
noise voltage that can be impressed 
upon Vj]>^ at any (or all) logic I/O 
terminals without upsetting the 
logic or causing any output to 
exceed the Vq ratings of Table I. 


Of the two COS/MOS dc noise 
definitions, immunity and margin, RCA 
prefers the noise-immunity specification 
as the more practical COS/MOS system 
definition because CMOS outputs are 
normally 50 millivolts off the rails. 

However, designers familiar with TTL 
may prefer to use the noise-margin voltage 
for system analysis. 

AC Noise Immunity 

COS/MOS ac noise immunity takes 
into account both the device switching 
threshold (dc noise immunity) and the 
noise-pulse width. The latter is affected 
primarily by the COS/MOS IC band- 
width, especially output transition times. 
Fig. 1 shows the usual COS/MOS noise- 
voltage amplitude, V^, as a function of 
noise-pulse-width characteristic, tp. 

Because noise pulses are narrow compared 
with device output transition time, noise- 
voltage rejection is high. As the pulse 


Table I — B-Series DC Noise Immunity and 
Noise Margin (Ta = 25°C) 


Characteristics 

Test Conditions 

Input 


Vo 

vdd 

Voltage 


(V) 

(V) 

(V) 

Input Low Voltage 




V| i_ max. 




B types 

0.5/4. 5 

5 

1.5 


1/9 

10 

3 


1.5/13.5 

15 

4 

UB types 

0.5/4. 5 

5 

1 


1/9 

10 

2 


1.5/13.5 

15 

2.5 

Input High Voltage 




ViHmin. 




B types 

0. 5/4.5 

5 

3.5 


1/9 

10 

7 


1.5/13.5 

15 

11 

UB types 

0.5/4.5 

5 

4 


1/9 

10 

8 


1.5/13.5 

15 

12.5 


Table II — B-Series Noise Immunity and Noise Margin 



Noise Immunity (%) 

Noise-Margin Voltage (V) | 

Vdd 

B-Series 

UB-Series 

B-Series 

UB-Series 

5 

30 

20 

1 

0.5 

10 

30 

20 

2 

1 

15 

27 

17 

2.5 

1 


widths approach the IC bandwidth, the 
curve flattens out at the device switching- 
threshold voltage. AC noise-voltage 



Fig. 1 Generic ac noise-immunity 
curve. 


immunity curves, such as those in Fig. 1, 
are applicable to: 

- Positive noise pulses on signal lines 
in the 0 state . 

- Negative noise pulses on signal lines 
in the 1 state. 

- Positive noise pulses on the ground 
terminal. 

- Negative noise pulses on the positive 
supply terminal. 

Curves of this type indicate the frequency 
(as defined by noise-pulse characteristics) 
at which the user has satisfactory dc noise 
performance. The curves are especially 
useful in calculating typical noise-energy 
performance, a parameter that takes into 
account the circuit impedance. 


Noise-Energy Immunity 

Noise-energy immunity takes into 
account the pulse width and the circuit 
impedance at the point where the noise is 
introduced. Noise-energy immunity, E , 
in nanojoules, is calculated as follows: 

where E]\^ is noise-energy immunity in 
nanojoules, is the device switching- 
voltage threshold for a given noise-pulse 
width, tp is the noise-voltage pulse width 
in nanoseconds, and Rq is the impedance 
to ground in ohms at the point of noise 
entry. Rq is usually the output resistance 
of the COS/MOS device. 

By using values of V and tp obtained 
from the curve of Fig. 1, the noise-energy 
immunity curve of Fig. 2 is generated for a 
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given value of Rq. A comparison of Figs. 
1 and 2 shows that the minimum values of 
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Fig. 2 Generic noise-energy- 
immunity curve. 


noise-energy immunity occur at an input- 
noise pulse width for which the noise- 
voltage amplitude of Fig. 1 begins to 
approach the dc noise-immunity or 
threshold voltage of a device. The 
minimum noise-energy immunity is the 
basis for the calculations and comparisons 
involving most IC families. 


NOISE-IMMUNITY TEST DATA 
DC Noise-Immunity Test Data 

CMOS dc noise-immunity performance 
is obtained by plotting the voltage-transfer 
characteristic of a CMOS gate, inverter, 
or buffer. Figs. 3 and 4 show the voltage- 
transfer characteristics of the CD4001B, a 
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Fig. 3 CD4001B voltage transfer 

characteristic. 


buffered, quad 2-input NOR gate, and the 
CD4001UB, an unbuffered version of the 
same gate. Comparison of Figs. 3 and 4 
and Table I indicates that the values of 
VjL and Vjjj for these devices are well 



Fig. 4 CD4001UB voltage transfer 
characteristic. 


within the standard JEDEC 
specifications. The Vjl and Vjjj values 
for any typical COS/MOS device indicate 
a typical dc noise immunity close to 50 
percent of the supply voltage, a 
paramount advantage of CMOS logic 
devices over TTL, ECL, PMOS, and 
NMOS logic devices. 


AC Noise-Immunity Test Data 

Fig. 5 shows the test circuit used in the 
evaluation of the ac noise immunity of B- 
series COS/MOS devices. The criterion 
used is the triggering of a typical 
CD4013B flip-flop at the clock input. The 



Fig. 5 Test circuit used in the 
evaluation of B-series COS/MOS devices. 


circuit of Fig. 5 accounts for typical 
CMOS loading factors and generally 
reflects the ac noise performance of typical 
B-series devices. The device types used in 
the evaluation include the following: 

CD4001UB unbuffered quad 2- 
input NOR gate, 

CD4001B buffered quad 2-input 
2-input NOR gate, 
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CD4011UB unbuffered quad 2- 
input NAND gate, 

CI)4069UB hex inverter, 
CD4049UB hex inverting buffer. 

The above list includes the most 
commonly used COS/MOS gates, in- 
verters, and buffered devices. The ac 
noise-immunity characteristics of the 
buffered NOR gate (CD4001B) reflect the 
noise-immunity performance of buffered 
CMOS products of all descriptions. 


SIGNAL-LINE OR EXTERNAL 
NOISE IMMUNITY 

The following analysis was used to 
determine the immunity of a COS/MOS 
gate to noise on the input line at both the 0 
(low-level) and 1 (high-level) logic states. 


0-State Analysis 

The signal-line noise immunity of 
COS/MOS gates and inverters was 
evaluated by means of the test circuit 
shown in Fig. 6. The COS/MOS units 



Fig. 6 Test circuit used to evaluate 
signal-line noise immunity of COS/MOS 
gates and inverters. 


tested were the CD4001UB, CD4001B, 
CD4011UB, CD4049UB, and 

CD4()69UB. Fig. 7 shows the results 
obtained. The test circuit is designed to 
measure the voltage required at the input 
of the unit under test to trigger a CD4013 
flip-flop. 


During test, a positive-going noise pulse 
is introduced into the signal line of the unit 
under test. At some voltage level, 
depending on the width of the pulse and 
the gate thresholds, this pulse causes the 
flip-flop to be clocked via the CD4001B 
gate. This voltage level defines the per- 
missible input range for a logical 0. 
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(a) CD4001B, CD4001UB 



(b) CD4011UB 



(c) CD4049UB, CD4069UB 


Ta = 25° 

Fig. 7 Results of 0-state signal-line 
noise -immunity tests. 

A dc analysis of the transfer charac- 
teristics of the components included in the 
test setup can also be used to determine 
the noise level required to clock the flip 
flop. Fig. 8(a) shows that a signal of 4.15 
volts is required at the input to the 
CD4001B gate to produce an output of 4.5 
volts at a supply voltage, Vj)£), of 10 
volts. Fig. 8(b) shows that an input of 5.25 
volts is required to trigger the CD4013 
flip-flop at a supply voltage, Vj)£), of 10 
volts. All measured values shown in Fig. 8 
were obtained from measurements on 
gates that have typical threshold- 
switching characteristics. 


Vdd-ISV 


C0400IB 

Ta* 25"C 
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. 5V 
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4.15V 
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(a) CD4001B 
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5 25 V 
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INPUT VOLTAGE (V|n) - VOLTS 
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(b) CD4013B 
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(c) CD4049UB = 25oC. 

Fig. 8 Transfer characteristics of 
components used in the circuit of Fig. 6. 


Careful analysis of the ac noise curves of 
Fig. 7(c) (for the CD4049UB) for 0-state 
signal-line noise shows a voltage-pedestal 
effect occurring at noise pulse widths 
associated with the noise- threshold region 
of the units imder test. A comparison of 
the voltage-transfer curves of Fig. 8(c) 
with the dynamic input capacitance curves 
for the CD4049UB, Fig. 9, reveals that 
this pedestal effect occurs in the same 
region as the peak Miller input 
capacitance, where the inverter is in its 
maximum linear-gain region. Most 0- and 
1-state noise-voltage characteristics curves 
in this Note exhibit this pedestal effect to 
some degree. 



92CS-293S3 

Fig. 9 Dynamic input capacitance 
curves for the CD4049UB. = 25°C. 


1-STATE ANALYSIS 

Fig. 10 shows the test arrangement used 
and Fig. 11 the results obtained from 
noise -immunity measurements on the 
COS/MOS logic gates and inverters 
identified above when the input is high 
and a negative-going pulse is superim- 
posed on the signal line. 



Fig. 10 Test circuit used to measure 
noise immunity of COS/MOS logic gates 
and inverters when the input is high and a 
negative-going pulse is superimposed on 
the signal line. 
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(a) CD4001B, CD4001UB 



(b) CD4011UB 



(c) CD4049UB, CD4069UB 

Ta = 250c. 


Fi^. 11 Results of 1-state signal-line 
noise-immunity test. 


POWER-SUPPLY NOISE IMMUNITY 


The test configuration shown in Fig. 12 
measures the ability of test units to 
withstand a negative-going noise pulse 
superimposed on the supply line without a 
change in state; Fig. 13 shows results of 
tests. A pulse of sufficient amplitude 
causes the output of the gate to decrease so 
that, at some point, the CD4013B flip-flop 
is triggered from the rising voltage at the 
output of the driving inverter stage. 

It should be noted that two power 
supplies are used in the arrangement of 
Fig. 12. An equivalent resistor or inductor 



Fig. 12 Test circuit used to measure 
the ability of test units to withstand a 
negative-going noise pulse on the supply 
line without a change in state. 



(a) CD4001B, CD4001UB 



(b) CD4011UB 



(c) CD4049UB, CD4069UB 

Tx = 250c. 

Fig. 13 Power-line noise immunity; 


for simulating contact resistance and lead 
length is used in the Vqj) line of the unit 
under test. Without this resistance the test 
unit will not react to the noise pulse. 


GROUND-NOISE IMMUNITY 

Noise on the power line may be ef- 
fectively reduced or eliminated by the use 
of decoupling capacitors; however, 
ground-line noise cannot be reduced so 
easily and, therefore, is more ob- 
jectionable. Fig. 14 shows the test circuit 
used to measure the ground -line noise 
immunity of COS/MOS gates and in- 
verters; Fig. 15 shows curves of the results 
obtained. Again, the units under test 
would not react to the noise unless a 25- 
ohm resistor or small inductor simulating 
lead length or contact resistance were 
placed to ground. 



Fig. 14 Circuit used to measure 
ground -line noise immunity. 


CROSSTALK NOISE IMMUNITY 

A test circuit used to evaluate crosstalk 
is shown in Fig. 16. A noise pulse from a 
pulse generator is coupled to the signal 
line of the gate or inverter through a 
capacitor. The noise voltage necessary to 
trigger the flip-flop is then measured for 
different values of capacitance under high 
and low input conditions. Fig. 17 shows 
the effect of capacitance on the inputs of 
the units under test. 



The circuit shown in Fig. 18 more 
closely approximates crosstalk caused by 
adjacent signal lines. The response of the 
test circuit to a noise pulse may be ex- 
plained by analysis of the response of a 
high-pass RC circuit to a ramp input of Vj 
= at, where a is the coefficient of 
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(b) CD4011UB 



(c) CD4049UB, CD4069UB 


Fig. 15 Ground-line noise- immunity 
measurements . 



Fig. 16 Circuit for measuring noise 
voltage as a function of coupling 
capacitance. 




Fig. 17 


Effect of coupling capacitance on the inputs 
of the units under test (T^ = 25°C). 
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coupling and t is rise time, 10 to 90 per- 
cent. The output voltage Vq may be 
expressed by the following equation: 

Vo = aRC(l-e-t/RC) 

The equivalent circuit for the part of the 
test configuration used in this analysis is 
shown in Fig. 19. On the basis of this 
equivalent circuit, Eq. (1) may be 

rewritten as follows: . . 

( 2 ) 

Vq max “ oc (Zq II Z|m C [(1-et/2zo||Zin) C] 


If Vj is assumed to be a t during the 
period in which the output voltage 
switches from 10 to 90 percent of its total 
value, this change in output voltage can be 
expressed as follows: 


Vi(Zol|2i„)C 

max ^ ^ 

•[i-e-t/2Zo||Zin)C] (3) 


The results of this analysis may be applied 
to the various crosstalk waveforms ob- 
tained. 



Fig. 18 Circuit closely approximating 
conditions for crosstalk on adjacent signal 
lines. 


GATE < 
UNDER > 
TEST I 


LCOUPUNGL 
fcOEF- >UNDER 
FICIENT I test 


Fig. 19 Equivalent circuit used in 
crosstalk analysis of test configuration 
shown in Fig. 18. 


Crosstalk measurements that simulate 
actual operation are made by use of the 
test circuits shown in Figs. 20 and 21. The 


circuit of Fig. 20 simulates a round-cable 
system and Fig. 21a ribbon-cable system. 

In Fig. 20, a sense line is placed tightly 
within five surrounding wires (No. 22 
gauge) to form a 6-foot-long cable with a 
capacitance of 18 picofarads per foot 
(determined by measurement). 



Fig. 20 Circuit simulating a round- 
cable system. 


In Fig. 21, a sense line is placed bet- 
ween two adjacent driving lines (No. 22 
gauge) of a 6-foot-long ribbon cable with a 
capacitance of 16 picofarads per foot 
(determined by measurement). 



Fig. 21 Circuit simulating a ribbon- 
cable system. 


The results of crosstalk are shown in the 
photographs of Figs. 22 and 23 for round 
cable and ribbon cable, respectively. The 
crosstalk was insufficient to trigger the 
CD4013B under all conditions of the 
circuits of Figs. 20 and 21. 
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Vdd=I 5V 
= IOns 
f = I MHz 
ViN^ia 
0 STATES 


Fig. 22 Crosstalk in the round-cable 
system. 


NOISE-ENERGY -IMMUNITY 
PERFORMANCE DATA 


Table III shows computed values of 
noise-energy immunity for the gate, in- 
verter, and buffer types identified above. 
Noise pulse width, tp, and noise threshold 
voltage, Vq’, data were obtained directly 
from the 1 and 0 signal-input ac noise- 
immunity test curves presented earlier in 
this Note, Figs. 7 and 11. Values of Rq are 
typical output impedances for the 
CD4001B driving gate used in obtaining 
the curves. Fig. 24 is a plot of high- and 
low-input state noise-energy immunity for 
the CD4001B gate as a function of input 
pulse width. These curves show that noise- 
energy immunity is high for noise band- 
widths that exceed the speed capability of 
the device, and a minimum of ap- 
proximately 1.3 nanojoules where the 
noise-pulse width (50 to 100 nanoseconds) 
approximates the device output transition 
time. Noise-threshold energy increases 
steadily with greater pulse widths. 
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Table III — Typical Values of Noise-Energy Immunity. 


TYPE 

SUPPLY 

VOLTAGE 

Vdd (V) 

NOISE 

PULSE WIDTH 

tp (ns) 

NOISE 

THRESHOLD 

VOLTAGE 

Vt (V) 

TYPICAL 
SIGNAL LINE 
IMPEDANCE 
Rq (ohms) 

TYPICAL 

NOISE-ENERGY 

IMMUNITY* 

LOGIC STATE 

LOW 

HIGH 

LOW 

HIGH 

LOW 

HIGH 

Rol 

Rqh 

E|\jL(nJ) 

EMH(nJ) 


5 

100 

100 

2.75 

2.65 

700 

700 

1.08 

1.00 

CD4001UB 

10 

60 

40 

6.3 

5.1 

270 

270 

8.82 

3.85 


15 

40 

40 

9.0 

7.0 

190 

190 

17.05 

10.32 


5 

160 

150 

2.58 

2.85 

700 

700 

1.52 

1.74 

CD4001B 

10 

80 

40 

6.2 

5.6 

270 

270 

11.40 

4.65 


15 

40 

40 

9.6 

7.8 

190 

190 

19.40 

12.81 


5 

100 

140 

3.0 

2.67 

700 

700 

1.29 

1.43 

CD4011UB 

10 

40 

80 

5.0 

5.45 

270 

270 

3.70 

8.80 


15 

60 

40 

6.9 

9.1 

190 

190 

15.03 

17.43 


5 

60 

120 

2.0 

2.9 

700 

700 

0.343 

1.44 

CD4049UB 

10 

40 

40 

3.7 

6.7 

270 

270 

2.03 

6.65 


15 

60 

40 

4.9 

10.4 

190 

190 

7.58 

22.77 


5 

150 

150 

2.75 

2.60 

700 

700 

1.62 

1.45 

CD4049UB 

10 

60 

60 

6.4 

5.2 

c270 

270 

9.10 

6.01 


15 

40 

60 

8.7 

8.0 

190 

190 

15.94 

20.21 



(a) 


Voo«5V 
»IOns 
f * IMHr 
V|N* 

I STATE 



<c) 


4V/cm 

4V/cm 

(e) 




(b) 
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Fig. 23 Crosstalk 
CONCLUSIONS 

The noise-immunity test data 
demonstrates the high noise immunity of 
COS/MOS digital integrated circuits. 
Typical ac noise-voltage immunity for an 
imbuffered gate is 2 volts for a 5-volt 
supply, 5 volts for a 10- volt supply, and 7 
volts for a 15- volt supply. As expected, the 


• 1 Ml 1, 92CS- 29365 

m the nbbon-cable system, 
low-level ac noise-immunity for the 
CD4049UB buffer is slightly lower 
because of the lower effective input 
threshold of the large NMOS transistor 
used. 

Of paramount interest is the good noise - 
energy performance of approximately 1.3 
nanojoules for B-series gates, which is 



Fig. 24 High- and low-input state 
noise-energy immunity for the CD4001B 
gate as a function of input pulse width. 
Ta = 25°C. 

comparable to the performance of bipolar 
TTL gates at 5 volts despite their much 
higher output drive current. At operation 
above 5 volts, the noise-energy immunity 
of COS/MOS devices ranges up to 20 
nanojoules at 15 volts, far exceeding the 
noise-energy immimity of TTL. This 
improved noise immunity makes CMOS 
logic devices far more economical to use in 
high-noise automotive and industrial 
control environments than TTL devices. 
This noise-rejection capability exceeds 
even that of bipolar high -threshold logic, 
which has only approximately 5 
nanojoules of noise-energy rejection in the 
high logic-input state. 


The good inherent noise immunity 
provided by COS/MOS devices leads to 
design economy, and complements the 
accompanying benefits of COS/MOS: 
low-cost, medium- to high-speed 
operation, wide operating voltage range, 
good temperature stability, wide selection 
of SSI, MSI, and LSI device types, etc. 
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Interfacing Analog and Digital 
Displays with CMOS integrated Circuits 

by J. E. Giilberg 


Many forms of displays are available for 
interfacing digital and analog information 
from electronic circuits with the individual 
end user. The display choice generally 
takes into consideration not only technical 
feasibility but also visual impact and often 
aesthetic appeal. Until recently, the 
analog display, primarily motors (both 
synchronous and stepper) with gears, 
hands, or drums, has been the most widely 
used. At present, however, new 
developments are making the digital 
display the more dominant method. 

This Note describes some of the 
COS/MOS integrated circuits most 
suitable for interfacing the electronic 
circuit and the display. In the case of 
digital displays, it describes basic display 
operation to help simplify the equipment 
designer’s task in selecting both the most 
appropriate display and the most suitable 
interfacing device. 

Analog Display Drivers 

Analog displays are usually driven from 
either a synchronous motor or a stepper 
motor. The synchronous motor receives an 
incoming signal at a frequency of ap- 
proximately 60 Hz and continuously 


rotates at that frequency. The stepper 
motor receives an incoming signal at about 
0.5 to 2 Hz and rotates only during the 
active pulse interval. The stepper motor 
gives the effect of a non-continuous 
movement of the motor or wheel. 

One of the major users of digital circuits 
with analog displays is the timekeeping 
market. This market has continued to use 
analog displays because of the many basic 
advantages of the familiar clock or watch 
face with moving hands. These ad- 
vantages include low cost, high reliability, 
simplified electronics, familiarity of 
display mode, and low current drain. 

A number of IC’s are available for 
interfacing the electronic clock circuitry 
and the analog display. An excellent 
example is the CD4045, a COS/MOS 21- 
Stage Counter. As shown in Fig. 1, this 
device can be used in timing applications 
not only to generate the crystal oscillator 
output, but also, because of its output 
current capability, to directly drive a 
stepper motor. Fig. 2 gives curves 
illustrating the current capabilities of the 
CD4045, 

One method of reducing the current 
drain of a stepper motor is to terminate the 


XTAL = 2.097152 MHz 



Fig. 1 - CD4045, COS/MOS 21-stage counter, 
used to generate crystal oscillator output and to 
drive stepper motor. 
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Fig. 2 - Typical output n-channel and p- 


channel drain characteristics of the CD4045. 


incoming pulse at the precise moment the 
armature achieves enough momentum to 
rotate to the next position without any 
additional current. The Low- Voltage 
COS/MOS Analog Timepiece Circuit 
CD22010E has the capability of detecting, 
as shown in Fig. 3, when no additional 
current is required by the motor. It 
operates as follows. At the beginning of 
the output pulse because the load is in- 
ductive no current will immediately flow 
(V = L di/dt) and the voltage at the 
output will be at ground, as shown in Fig. 
4 at tQ. After time, the current will begin 
to flow into the pull-down n-channel 
transistor of the CD22010E. This current 
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Fig. 3 - CD22010E, a low-voltage COS/MOS 
analog timepiece circuit, used to detect status 
of stepper motor current. 



Fig. 4 - Nominal output puke of stepper 
motor. 

flow raises the output voltage until the 
motor begins to rotate and cause a back 
electro-motive force thereby reducing the 
voltage at the output. Once the motor has 
achieved enough momentum to move on 
its own inertia, however, any added 
current again raises the output voltage. 
The time interval from t^ to t 3 in Fig. 4 is 
the nominal output pulse. Time tj in- 
dicates the end of an internal activation 
period after which any rising edge on the 
output will trigger internal circuitry to 
terminate the pulse width, thus saving 
battery current. 




The battery-operated wall clock is one 
of the major areas for analog displays 
primarily because of the low- voltage (1.5 
to 3.0 V typical) and low-current (60 A 
typical) operation. A number of display 
interface circuits are available for this 
application. The most suitable depends 
upon the type motor and the voltage being 
used. Several of these circuits are 
illustrated in Fig. 5. In Fig. 5(c), the 
capacitor Cj) increases the maximum 
pulse or spike current supplied to the 
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Liquid Crystal Displays 

The most important advantage of the 
liquid crystal display is its very low power 
consumption, typically 50 microwatts per 
character. The reason for this low power 
consumption is that the liquid crystal 
display does not generate or emit light, but 
controls reflected or transmitted light 
generated elsewhere. 

The liquid crystal display device 
consists of a layer of liquid crystal material 
sealed between two conductive-coated 
glass plates. The liquid crystals are fluids 
having molecule alignment characteristics 
very similar to those of solid crystals. The 
alignment of the molecules can lie changed 
by the application of an ac signal. This 
change in alignment can produce image 


Fig. 5 - Typical motor interface circuits for 
analog watch or wall clock circuits. 
motor. The value of this added capacitor 
is typically between 1 and 10 microfarads 
and is dependent upon the frequency of 
operation. 

Many integrated circuits are available 
from RCA that can be used to interface an 
analog high-current-drive display. Table I 
lists several of these devices. For technical 
data on these devices see the RCA IN- 
TEGRATED CIRCUITS DATABOOK 
SSD-250 or the technical data sheet for the 
specific device. 

Digital Display Systems 

With the development of MSI and LSI, 
digital displays emerged as an important 
method of information transfer and many 
new display systems appeared. The most 
popular or promising types of digital 
displays are listed in Table II along with a 
brief summary of their major advantages 
and disadvantages. In the following 
material each display system is discussed 
with the emphasis on adaptability to 
interfacing electronic circuitry. 

Table I - Analog-Display Driver and Counter COS/MOS Integrated Circuits 


patterns determined by the physical 
construction of the device. Electrical 
contact is made to the liquid crystal by 
means of a transparent conductor. 
Because the image pattern depends upon 
molecular alignment, the direction which 
light strikes the liquid crystal is very 
critical. As a result, light polarizers are 
attached to the front and back to control 
whether the display is dark on a light 
background or light on a dark 
background. Fig. 6 shows the sandwich- 
type construction and the arrows illustrate 
the molecular polarization of a liquid 
crystal material resulting from an ac field. 

There are two basic types of LCD’s: 
dynamic scattering devices and field-effect 
devices. When an ac field is applied to a 
dynamic scattering liquid crystal, the 
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Fig. 6 
liquid 


• Basic operation of field-effect type 
crystal device showing molecule 


alignment and major elements. 


Type 

Family 
Dev. No. 

Package 

Volts 

Freq. 

Description 

Clocks 

CD22010E 

TA6656 

8-DIP 

1.5 

32 kHz 

Portescap stepping-motor drive, 
with pulse-width control (1 Hz) 

CD22011E 

TA 10294 

8-DIP 

1.5 

4 MHz 

SOS stepping-motor drive 
(2 Hz push-pull) 

Auto Cocks 
CD22012E 

TA6489 

14-DIP 

12 

4 MHz 

Quartz analog auto clock 
(0.5 Hz push-pull) 

CD22013E 

TA10176 

8-DIP 

12 

3 MHz 

Quartz analog auto clock 
(64 Hz push-pull) 

CD22014E 

TA6817 

8-DIP 

12 

4 MHz 

Quartz analog clock (60 Hz) 

CD22015E 

TA10177 

8-DIP 

12 

2 MHz 

Quartz analog auto clock 
(30 Hz push-pull) 

Industrial Timers 





CD22017E 


16-DIP 

10 


Universal industrial timer 


Table II - Digital Display Technologies 


Type 

liquid Crystal 
light-emitting diode 
Gas discharge 
Fluorescent 
Incandescent 


Advantage 

Low power, low voltage 
Low cost, simple interface 
Easily read 

Low segment current, low cost 
Brightness, low cost 


Disadvantage 

AC signal - difficult to multiplex 
High current, visibility 
High voltage 

High filament current/fragile 
High current 


molecules which are normally aligned, 
and hence transparent, are rearranged to 
scatter any available light, and the display 
becomes opaque. The field-effect type 
displays a visual change when the 
molecule alignment is rotated from one 
plane to another, as illustrated in Fig. 6. 
The field-effect liquid -crystal device has 
become the more popular display. 

Two kinds of liquid -crystal devices are 
available in either the dynamic-scattering 
or field-effect cateogry: reflective and 
transmissive. The only difference is that 
for the former, reflective material is added 
to the back of the display to reflect the 
light entering the front. This type is well- 
suited for applications where substantial 
ambient light is available. In applications, 
where the ambient light is small, the 
transmissive display could be used with 
some form of back lighting. 

Liquid-crystal devices require an ac 
drive signal having no dc component. A dc 
component can cause an electrolysis 
plating action which can eventually 
damage the display. For field-effect 
displays, this drive signal may be from 2 to 
10 volts at 60 to 10,000 hertz; for dynamic- 
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scattering devices, the signal may be from 
7 to 30 volts at 20 to 400 hertz. 

When a liquid-crystal segment is ac- 
tivated by a drive signal, the phase 
relation between it and the transparent 
electrode applied to the glass backplane is 
180® and a visual display results. When no 
drive signal is applied to the segment, the 
backplane and segment are in phase and 
the visual display is off. 

The usual method of activating a 
segment is to apply a square wave which is 
out of phase with the square wave applied 
to the common backplane. As shown in 
Fig. 7, when the segment square wave is in 
phase with the back-plane square wave, 
the segment is not activated. By the use of 
a square wave for both the common 
(backplane) and the selected segment 
drive signal, the effective dc voltage across 
the display is always zero regardless of 
whether the display is activated or not. 

Liquid crystals offer the important 
advantages of requiring very little power 
and low voltage. Their disadvantages are: 

1. Because they need an ac signal for 
operation, multiplexing is difficult. 

2. They need good ambient light or 
back lighting. 

3. They have a limited operating 
temperature range: -20 to 60 or 
85®C. 

4. Their cost in relation to other 
displays is high. 

5. Their response time is slow: 100 to 
300 milliseconds. 

RCA offers several display drivers for 
liquid crystal devices: the CD4054, a 4- 
segment display driver; the CD4055, a 
BCD -to- 7-segment decoder/driver with 
“display frequency” output; and the 
CD4056, a BCD-to-7-segment 
decoder/driver with strobed-latch func- 
tion. These devices have level-shifting 
capability for interfacing low-voltage logic 
signals to higher-voltage display signals. 
In addition, a full line of direct drive LCD 
watch chips is available. 

SELECT I I I 


Light-Emitting Diodes 

The light-emitting diode (LED) has also 
received wide acceptance as a digital 
display in the last several years because of 
its low-voltage operation, long life, ease of 
multiplexing, high reliability, and fast 
response time. An LED is a semicon- 
ductor diode composed of a p-n junction. 
In forward-biased operation, because of 
recombination of holes and electrons, the 
diodes radiate a colored light in a narrow 
spectrum. LED displays are normally 
constructed of either gallium phosphide 
(GaP) or gallium arsenide phosphide 
(GaAsP) semiconductor material. Both 
types of LED displays have approximately 
equal advantages and disadvantages. The 
GaAsP type, however, is more prevalent 
for red displays. The forward drop is 
approximately 1.6 volts for GaAsP diodes 
and 2.1 volts for GaP diodes. Two con- 
figurations of LED are available: common 
anode (requiring sink current) and 
common cathode (requiring source 
current). Fig. 8 illustrates both types of 
device. 

Any single LED segment is electrically 
the same as any conventional solid-state 
diode although the LED does have a 
slightly higher forward voltage drop. Once 
the forward voltage reaches approximately 
1.6 volts, the current which up to that 
point has been very small increases 
rapidly. A typical GaAsP LED needs 
approximately 5 to 30 milliamperes for a 
reasonable amount of brightness. If 
current continues to increase, the LED 
will reach a light saturation mode at 
approximately 100 to 150 milliamperes. At 
this point any increase in current will not 
increase the amount of light generated. 
Because the efficiency is greater for higher 
currents and the electrical and light output 
rise times are in nanoseconds, LED’s are 
well suited for multiplexed or pulsed 
output drive. Pulsed output drive can also 
decrease the total amount of power 
required to achieve a given brightness by 
as much as 30 per cent. 


As an example, consider the design of a 
four-digit multiplexed LED display 
system to interface with a four-digit in- 
formation storage device. The LED needs 
an average of 6 milliamperes of current to 
achieve the desired brightness. Because 
there are four digits, the multiplexed 
signal requires a 25 per cent duty cycle. 
The peak current, therefore, must be 4 x 6 
milliamperes to achieve the 6-milliampere 
average current. The CD4511 BCD-to- 
seven-segment latch decoder driver is 
designed with emitter-follower n-p-n 
bipolar outputs and is therefore able to 
supply the needed peak current of 24 
milliamperes. The digit driver must be 
able to sink a peak current of 7 x 24 or 168 
milliamperes when all segments are turned 
on. Many available discrete or integrated 
bipolar devices can meet this requirement. 
Fig. 9 illustrates a suitable circuit. This 
circuit uses a CD4511, a BCD-to-7- 
segment latch decoder driver; CD4052’s, 
differential four-channel multiplexers; 
CD4094’s, eight-stage shift-and-store bus 
registers; and CD4011 NAND gates. 

The multiplexing digit signal, which 
can also be used to clock a counter to 
control the CD4052, can be derived by use 
of a CD4017 as shown in Fig. 10. The 
CD4017 is a counter /divider having ten 
decoded outputs. The number of digits 
multiplexed can be increased beyond four 
by taking the digit drive from a higher 
output on the CD4017. The output should 
be N + 1 where N equals the number of 
digits to be multiplexed. The CD4017 
must be interfaced to a bipolar driver to be 
able to sink or source the current needed 
by each digit (168 milliamperes). 

Fig. 11 shows a typical digit driving 
circuit. The calculation of the value of 
resistor R] can be made as follows: 

Let = the gain of the transistor 

then jSI] = 168 mA 

or Ij = 168//? mA 

Once Vdj) is established, a given Vj)g 
can be taken from Fig. lib for current I2. 

Therefore, Rj = (V^s - 0.7)/Ii 
kilohms 
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Fig. 7 - Timing diagram of liquid crystal 
element voltages showing how segments are 
activated by square waves to avoid damaging 
effects of a dc component. 
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Fig, 8 - Common cathode and common anode 
light-emitting diode configurations. 
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CD40II 



SEVEN-SEGMENT 

OUTPUT 92CS- 29915 


Fig. 9 - Interfacing of four-digit multiplexed 
LED display system with a four-digit in- 
formation storage device. 



CLOCK jnjTjnjTJTJTJT_r” 


Fig. 10 - Use of CD4017, a counter /divider 
having ten decoded outputs, to provide the 
multiplexing digit signal. 

optical filter in front of the LED. This 
filter increases the contrast ratio of the 
LED display and makes it easier to read in 
any ambient light. 



Fig. 11 - Typical digit driving circuit and 
minimum output n-chan’nel drain charac- 
teristic used for calculating value of resistor 
Rl. 


Fig. 12 shows the segment and digit 
drive. Resistor R^ is necessary to avoid 
current “hogging’^ in the LED segments. 
The value of R 2 is calculated from the 
curves in Fig. 13 showing output current 
as a function of output voltage for the 
CD4511B and from the information 
supplied with the LED. 

Let Ig = peak current in segment 


VquT ~ voltage out of the CD4511B 
from Fig. 13 at the V£)£) being 
used in the system 

Vf) = voltage across LED segment for 
required brightness 

VcE “ voltage across digit driver 
transistor 


VdD - <VoUT + Vd -I- Vce) 


In this example 

„ Vdd-<VouT +Vd + VceI 

^2 ^ 

kilohms 

If the value chosen for R 2 is too low, 
uneven segment lighting can occur. 
Resistor R 2 , therefore, should be as large 
as possible. 

One major drawback to the use of LED 
displays is that the contrast ratio of the 
display is very low in bright light. The 
easiest means of correction is to place an 
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Fig. 12 - Segment and digit drive circuit for 
LED. 



SUPPLY VOLTAGE -OUTPUT DRIVE VOLTAGE (Voo-VOH)-V 
92CS-270SI 

Fig. 13 - Typical voltage drop {Vdq to output) 
vs. output source current as a function of 
supply for the CD4511. 

Gas-Discharge Displays 

Gas-discharge or cold-cathode displays 
are available in both seven-segment and 
one-of-ten decoded displays. The one-of- 
ten decoded displays operate by energizing 
one of a series of stacked cathodes each in 
the shape of the numeral to be displayed. 
This stacked arrangement causes some 
viewing problems because the different 
numbers appear to move in or out within 
the display. A CD4028 BCD-to-decimal 
decoder could be used for the one-of-ten- 
decoding necessary for this type of device. 
The seven-segment decoded gas-discharge 
displays operate in a very similar manner 
to the seven-segment LED displays 
mentioned earlier. 

One disadvantage of gas-discharge 
displays is the high potential needed to 
activate the display. Typically, a voltage 
between 80 and 200 volts is necessary to 
cause ionization of the enclosed gas. Once 
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Fig. 14 - Basic series and shunt circuits for 
multiplexing gas-discharge displays. 

ionization takes place, the cathode glows a 
dull red or orange-like color. In 
multiplexing these devices, care must be 
taken to make sure that segments 
energized for one digit are completely 
deionized before the next digit is ac- 
tivated. 

For multiplexing gas-discharge 
displays, either the shunt or the series 
method can be used. See Fig. 14. The 
series method has the advantage of lower 
power dissipation, but it requires that the 
switching transistor have higher voltage 
and lower leakage than the shunt method 
requires. Fig. 15 illustrates the 
multiplexing of a one-of-ten gas-discharge 
display. Because of diode Dl, the 
oscillator using the CD4011 produces a 
non -symmetrical output having an off 
period long enough to assure that all 
characters are deionized. 

Fluorescent Displays 

The fluorescent display, like the LED, 
is a seven-segment device. Its operation is 
similar to that of a vacuum tube. The 
major difference is that the anode of the 
display has a phosphorescent coating 
which when struck by an electron beam 
emits blue-green light. Because this light 
is of a very wide spectrum, it can be 
filtered with little loss of display 


to 25 volts from anode to cathode is 
typically used to accelerate electrons 
emitted from the cathode. When the 
cathode is activated, the current flow is 
approximately 0.5 to 2 milliamperes 
depending upon the type of display. 

The potentials of the anode, grid, and 
filament are crucial in the operation of the 
fluorescent display. The potential of the 
filament in the fluorescent display must be 
directly related to both the grid and anode 
voltages because the filament is acting 
both as a heater and as the cathode of the 
display. The potential at which the 
electrons are emitted from the cathode or 
filament, therefore, is critical in deter- 
mining whether or not those electrons are 
accelerated toward the phosphor-coated 
anode. 

Advantages of fluorescent display 
systems include low power, low cost, ease 
of multiplexing, and ease of interfacing to 
integrated circuits. A disadvantage is that 
they are more fragile than many other 
forms of display because they require an 
evacuated envelope. 

A typical circuit for driving a 
fluorescent display is given in Fig. 16. The 
display segments are connected to the 
anodes of the display device and can be 
driven directly from any COS/MOS High- 
Voltage B-Series Integrated Circuit at 
about 20 volts. In many instances, 
however, the control logic for the in- 
formation being displayed is operating at a 
voltage lower than the 20-volt display 
supply. In these cases, the CD40109B 
Quad Low-to-High Voltage Level Shifter 
can be used to interface the device. 

In a multiplexed system, the griff or 
cathode of the fluorescent display device 
operates in a manner equivalent to the 
digit drive on LED devices. A typical grid 
voltage value necessary to activate the 
display is 10 volts. If a system is operating 
below 10 volts, it may be necessary to shift 
the voltage levels of both the segment and 
the digit information. 



In an unmultiplexed system, the grid 
voltage should always be enabled to allow 
the display of the seven-segment in- 
formation. An example of such a system is 
given in Fig. 17. Because the grid voltage 
is constant and not at the control of the 
system, the only possible level shifting 
necessary would be for the segment 
display. 

Unlike the LED display, the fluorescent 
display quite often needs the level-shifting 
capability of a transistor-inductor flyback 
circuit to achieve the high potentials 
necessary for operation. Fig. 18 gives 
three typical up-converter circuits. The 
circuit of Fig. 18(a) is pulsed by Vj]^ thus 
causing a current flow through L. This 
change in current causes an increase in the 
voltage across the inductor (Vl = L’ 
di/dt). The amount of current (ipeak “ 
Vdd/^ 2^ is inversely proportional to the 
value of R 2 . With R 2 adjustable in value, 
the output voltage can be increased by 
lowering the value of R 2 or decreased by 
raising its value. Capacitor C 2 filters the 
voltage spikes caused by the input 
frequency, and diode Dj keeps the 
capacitor charged while the voltage spike 
from L di/dt is low. 

Fig. 18(b) differs from Fig. 18(a) in that 
it has a self-contained RCL oscillator and 
obtains its voltage increase by transformer 
action. The oscillator formed by Rq, C, 
and L drives the n-p-n bipolar devices 
forcing an ac signal across the transformer 
input windings. Because the turns ratio of 
the transformer from output to input is 
greater than one, there is an increase in 
output voltage. The transformer gives a 
more precise increase in voltage than the 
circilit in Fig. 18(a) provides. Capacitor C 
and diodes D and clamp the voltage 
VouT breakdown voltage of D^ 

and filter and isolate C from discharging 
during the period of low output voltage 
from the transformer. 

Fig. 18(c) is similar to Fig. 18(b) in the 
transformer action, but its input is similar 


Fig. 15 - Series-type multiplexing of a one-of- 
ten gas-discharge display. 
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CD40I3 




Fig. 17 - Example of unmuhiplexed system for jg . interfacing a multiplexed 

driving a fluorescent display. incandescent-type digital display. 


to that of Fig. 18(a) in that it is driven by 
an external input. 

Circuits similar to those in Fig. 18 can 
be used to level-shift voltages for the gas- 




(b) Transformer-type circuit with 9205-29907 
R CL oscillator providing drive. 



external drive. 


Fig. 18 - Typical up-converter circuits for 
fluorescent digital displays. 


discharge type of display discussed 
previously. It is necessary, however, that 
the transformer, capacitors, transistors, 
and other components be rated to 
withstand the 200-volt signals which may 
be necessary to operate the gas-discharge 
display and be capable of meeting the 
higher power requirements. 

Incandescent Displays 

One other display which has had wide 
acceptance is the incandescent display. Its 
low cost, high brightness, and ready 
availability have lead to considerable use 
of this display. Its disadvantages are its 
high power dissipation and the high 
amount of heat it generates. Typical 
power requirements are 1.5 to 5 volts at 8 
to 24 milliamperes. 

Incandescent displays are available in 
many sizes and colors. Multiplexing of the 
digits is easily accomplished by pulsing 
each segment for a given time period. The 
wattage for an incandescent lamp at the 
stated brightness remains constant 
regardless of duty cycle or waveform 
shape provided that the multiplexing rate 
is faster than the thermal time constant of 
the filament. When incandescent displays 
are multiplexed, an increase in the forcing 
voltage by an amount equal to the square 
root of the number of multiplexed displays 
will maintain the same brightness on each 
display that it would have in a static 
condition. 

With incandescent displays, it is 
recommended that diodes be used in series 
with each segment to prevent erroneous 
display indication through stray electrical 
paths. Fig. 19 illustrates the interfacing of 
a multiplexed incandescent display. In 
this circuit, the CD4013 dual “D”-type 
flip-flop combines with the CD4069 
oscillator to generate the four pulse in- 


tervals needed to multiplex four digits. 
For a typical incandescent display 
requiring 4.5 volts, the voltage necessary 
for the four-digit display is 4 x 4.5 = 9 
volts. The CD40107 dual NAND buf- 
fer/driver and the p-n-p transistor 40537 
assure that sufficient current is generated 
at this voltage. With a typical filament 
segment current of 50 milliamperes, the 
current sourced from transistor 40537 is 50 
X 7 or 350 milliamperes. The minimum 
beta of the 40537 is 20. Its base cmrent, 
therefore, is given by 

Ibi = 350/20 = 17.5 mA. 

At VJ 3 J) of 12 volts and loUT 
mA, Vqu'p from the CD40107B is 0.11 
volt. Then, 

Rl = (11.3 - 0.111/17.5 = 640 ohms. 

For 50 milliamperes in each segment 
and a (3 of 40 

IB2 = 50/40 = 1.25 mA 

At Vj)£) of 12 volts and IqUT 
mA, Vqu'p from the CD4511B is 11.4 
volts. Then, 

R 2 = (11.4 - 0.71/1.25 = 8.56 kilohms. 

These calculations depend upon the 
current gain of each bipolar device and the 
voltage necessary on the incandescent 
display. As mentioned previously, the 
diodes in series with each display segment 
minimize the possibility of stray leakage 
currents. Use of the blanking input of the 
CD4511 assures that if the oscillator were 
to cease to function for any reason, the 
indexed digit and segments would not be 
destroyed by the static voltage and current 
applied to the display . 
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Simplified Design of Astabie RC Osciiiators 
Using the CD4060B or Two CMOS inverters 

D. Rodman 


Application Notes are available that 
deal with theoretical approaches to 
oscillator design; this Note stresses prac- 
tical aspects of design and provides easy- 
to-use algebraic equations that permit 
values of R and C for a given oscillator fre- 
quency to be quickly determined. 


Astabie Design Approach 

The most basic RC oscillator circuit is 
that shown in Fig. 1. The time period T for 
one cycle of this oscillator is given by the 
equation’.^ 


T= -RC 


vdd— Vtr Vtr 

In — +ln t; — 

vdd Vdd 


( 1 ) 


where: 


Vdd = supply voltage 
VjR = transfer voltage 

By letting Vtr = 0.5 Vdd. equation 1 can 
be simplified to: 


T = -RC(ln 0.5 -J- In 0.5) 

T = I.39RC (2) 

The problem with this circuit is that 
transfer voltage can vary from 33 to 67 
percent of Vdd- Therefore, the maximum 
variation in the time period, T, can be as 
high as 9 percent, with a ±33 percent 
variation in transfer voltage from unit to 
unit. 



An improvement to this basic circuit 
can be made by adding resistor Rs, as 
shown in Fig. 2. The resistor makes the 
frequency independent of supply-voltage 
variations and reduces the time-period 
variations to less than 5 percent with 
variations in transfer voltage. 

Rs should be'10 times the value of Rx. If 
Rs is made less than 10 Rx, the variation 
in period T increases to about 10 percent 
as the value of Rs approaches zero.1 If Rs 
is made too large, a time constant and 
phase shift is produced by Rs and stray 
wiring and breadboard capacitance. This 
shift creates a switching delay in the cir- 
cuit which changes the time period. 


wv < 

— 1( 

< 

>Rx 
> ^ 
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Fig. 2 - An improved oscillator circuit made 
by adding resistor /?§ to the circuit of 
Fig. 1. 


The time period T for the circuit in Fig. 2 
ls:1 


T = 


- RxCx 


In 


Vtr 

Vdd + Vtr 


Vdd -Vtr 

-fin 

2 Vdd -Vtr 


( 3 ) 


If Vtr = 0.5 VdDi ecjuation 3 can be 
simplified to: 

T = -RxCx (In Va -f In Vs) 

T = 2.2 RxCx (4) 


Equation 4 will only be true in the 
CD4060B for values of R greater than 50 
kilohms and for values of C greater than 
1000 picofarads. At values of C less than 
1000 picofarads, stray capacitance will 
have a much greater effect on the entire 
system. 


Compensation for 50-Percent Duty Cycle 

A true square-wave pulse Is obtained 
only when the transfer voltage occurs at 
the 50-percent point. If the transfer 
voltage is at either 33 or 67 percent, the 
duty cycle will not be 50 percent. The duty 
cycle can be controlled, however, if part 
of the resistance of the RCtime constant 
Is shunted out with a diode, as shown In 
Fig. 4. 



Fig. 4 - Method of controlling the duty cycle 
of the RC oscillator. 


Because adjustment of this diode 
shunt to obtain a specific pulse factor 
causes the frequency of the circuit to 
stray, a frequency control, R1, is added. 
This circuit is not needed when using the 
CD4060B since it is used in conjunction 
with a counter. A 50-percent duty cycle 
will be derived from the divider/counter 
outputs. 


It is advised that a buffer circuit. Fig. 3, 
be added to the circuit of Fig. 2 to prevent 
the jitter that would otherwise be in- 
troduced into the circuit by noise picked 
up by connecting cables and by stray 
wiring and breadboard capacitance. The 
buffer circuit is not needed with the 
CD4060B since it has an internal buffer 
and is Internally connected to a counter. 


vvv 



-jO 
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Parallel Clocking of Sequential 
CMOS Devices 


T. Chesney 
R. Funk 


It is a well-established fact that process 
Variations lead to different input MOS- 
transistor thresholds, and that these 
differences directly affect the clock input 
trigger voltage of sequential CMOS logic 
circuits. Fig. 1(a) illustrates a cascade of 
two different sequential CMOS devices (D- 
type flip-flops, type CD4013) that causes a 
logic error when data is transferred from 
IC;^ to IC0. In this example, the same clock 
transition triggers IC/^ at its trigger voltage 
of Vj^ and ICg at a voltage of \/j0. As 
shown in Fig. 1(b), the propagation of data 
from the output stage of IC/^ to the input of 
IC0 is faster than the clock transition time 
from Vj^ to Vt 0. Hence, ICb responds to 
the wrong logic state, and its output goes 
low when It should stay high. 

The solution to this logic-error condition is 
a clock transition time that is fast enough 
compared to the propagation delay for a 
worst-case Vjys^ and Vj0 combination to 
assure that logic-state errors will not occur. 

Parallel Clocking Limits 

A study of the parallel clocking condition 
for any combination of two different 
sequential devices has resulted in the 
development of equations for modeling the 
maximum permitted clock input rise time, 

'rcl 

For A-series devices: 

0.8Vdd(V) 

^RCL (fTiax) =”125 (V) X tp (ns) 

For B-series devices: 

o.avnnfV) 

‘RCL('"a>‘)= “IViS (V) X tp (ns) 

The factor tp is equivalent to tp|_n_ or tpm, 
whichever is smaller, for ICyo^.Fig. 1. The 
typical value at a specified value of Vqq is 
selected at the loading condition shown on 
the device data sheet. The factor 0.8 Vqq 
specifies tpQ|_ for a rise or fall time of from 
10 to 90 percent. The voltages in the 
denominator (1 .25V for A-series types and 
1.15V for B-series types), are the expected 
deviations in clock input transfer voltages. 
Tables I and II list the maximum clock rise 
times permitted when cascading CD4000A 
and CD4000B-series types, respectively. 

The maximum values of tpQL are 
applicable when sequentially cascading 
identical or dissimilar 1C types when IC/j^ 
(see Fig. 1) is the type listed in the “Type” 
column in the table. However, some 
restrictions apply; namely both IC/s^ and 
IC0 must accept positive or negative 
(CD4006 type) clock pulses, and the logic 
combination of IC/^ and IC0 must be 
meaningful. The connections assumed are 
primarily of the parallel-clocked shift 
register or counter type. 


The tpQL limits shown in Tables I and II are 
less than those shown on individual 
CD4000-serles data sheets; the data sheet 
limits are for individual 1C operation, not 
cascaded operation. Recommended 
operating-temperature ranges remain as 
shown in the data sheets for cascaded as 
well as Individual device operation. 


TABLE I ~ Maximum Clock Rise Time 
When Cascading CD4000A Types'! 


Type 

Rise Time {/js) 

Vdd (V) 

CD4006A2 

0.80 

5,10 

CD4013A 

0.48 

5,10 

CD4014A 

0.96 

5 


0.64 

10 

CD4015A 

0.96 

5 


0.64 

10 

CD4018A 

1.12 

5 


0.80 

10 

CD4021A 

0.96 

5 


0.64 

10 

CD4027A 

0.48 

5,10 

CD4029A 

1.04 

5 


0.74 

10 

CD4031A 

1.28 

5,10 

CD4034A 

1.92 

5 


1.54 

10 

CD4035A 

0.80 

5 


0.64 

10 


Notes: 

1 . Cl = 15 picofarads. 


2. Negative-edge-triggered device, 
cascades only with itself. 


TABLE ii Maximum Clock Rise Time 
When Cascading CD4000B Types^ 


Type 

Rise Time {/js) 

CD4006B2 

0.70 

CD4013B 

0.45 

CD4014B 

0.40 

CD4015B 

0.55 

CD4021B 

0.40 

CD4027B 

0.45 

CD4029B 

0.84 

CD4031 B 

0.80 

CD4034B 

0.85 

CD4035B 

0.70 

CD4076B 

0.90 

CD4089B 

0.40 

CD4094B 

0.90 

CD4095B 

0.70 

CD4096B 

0.70 

CD4510B 

0.70 

CD4516B 

0.70 

CD4517B 

0.84 

CD40100B 

1.20 

CD40102B 

0.91 

CD40103B 

0.91 

CD40104B 

0.70 

CD40160B 

0.66 

CD40161B 

0.66 

CD40162B 

0.66 

CD40163B 

0.66 

CD40174B 

0.50 

CD40192B 

0.56 

CD40193B 

0.56 

CD40194B 

0.70 

Notes: 

1. Vdd = 5, 15V: 

Cl = 50 picofarads. 

Data does not apply to units with 

Schmitt triggers in the clock Input. 


2. Negative-edge-triggered device, 
cascades only with itself. 



qb output- 




"^PHLa-^ 


ACTUAL ERROR 
OUTPUT LEVEL 


Fig.1 -Parallel clocking of sequential CMOS IC’s. 
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Logarithmic Units Of Measure In Telecommunications 

by Dennis Rodman 


This Application Note is an introduction to the logarithmic 
units used in the telecommunications Industry. The Note 
will be useful as a learning tool for those entering the 
telecommunications industry and as a handy reference for 
experienced individuals. 

Logarithmic units are used In the telecommunications 
industry for measurements that define the functions and 
qualities of transmission circuits. Examples of 
measurements Involving logarithmic units are gain, noise 
and distortion. Since common logarithms are based on 
exponents of powers of ten, the application of logarithms 
permits complex multiplication or division operations to be 
transformed into simple addition or subtraction. This 
property of logarithms Is valuable in telecommunications 
because many measurements involve large numbers, and 
logarithms facilitate calculation of these numbers. 

Logarithms 

The logarithm or “log” to a given base of a positive number 
Is the exponent that indicates the power to which the base 
must be raised in orderto obtain the number. In the example 
23 = 8, 3 is the exponent of 2 and is also the log of 8, or in 
other words, 3 is the log to the base 2 of 8. This expression Is 
wrlttenas3 = log2 8. Base 10 is the most used system and is 
known as the “common logarithm.” In the example 102 = 
100, 2 is the log to the base 10 of 100. The subscript 10 is 
usually eliminated and the equation becomes 2 = log 100, 
with the base 10 understood. 


Table I - Power Ratios for Various dB Values 


dB 

Power Ratio 

0 

1 

1 

1.26 

2 

1.58 

3 

2.00 

4 

2.51 

5 

3.16 

6 

3.98 

7 

5.01 

8 

6.31 

9 

7.94 

10 

10 

15 

31.6 

20 

100 

25 

316 

30 

1000 

35 

3.16 x 103 

40 

104 

45 

3.16x104 

50 

105 

60 

106 

70 

107 

80 

108 

90 

109 

100 

1010 


dBm 


Decibels 

Power gains or losses are measured in decibels. The 
decibel is defined as: 

PO 

dB = 10 1og 

pi 

where Pq is the output power and P| the Input power. 
Conversion of the power into voltage yields the equation: 



V| 


where Vq is the output voltage and V| the input voltage. If 
the output is greater than the input (gain), dB will always be 
a positive number. If the output is less than the input 
(attenuation), dB will always be a negative number. dB 
equals 0 when the input equals the output. 

The decibel is never an absolute measurement, but rather a 
ratio between two quantities. Thus, the gain or attenuation 
of a system can be characterized without specifying input 
or output quantities. As an example, a system that has a 
gain of 20 dB will always have a power ratio of 100; i.e., the 
output power will be 100 times greater than the input 
power. A list of ratios is given in Table I. 


In many Instances, it Is desirable to have a common 
reference power. In the telecommunications industry, the 
most common reference power is 1 milliwatt. When the 1 
milliwatt reference figure Is used, the equation for decibels 
becomes: 

PO 

dBm = 10 log 

0.001 

where dBm is defined as decibels referenced to 1 milliwatt. 
As an example, a gain of 30 dBm would be equivalent to an 
output power of 1 watt. 

When converting power into voltage in dBm, 1 milliwatt is 
always measured across 600 ohms. Then the input reference 
voltage becomes: 

P(R) = V2 
(0.001) (600) = V2 



0.775 = V 


Therefore, the expression for dBm when using voitage 
becomes: 

dBm = 20 log 


0.775 
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dBr 

Gain and attenuation have no significance unless a reference 
level is defined for the system. The point at which the 
reference appears is designated the “zero test-level point,” 
or 0 TLP. A 0 TLP is also equivalent to a 0 dBr point (dB 
relative to transmission level). dBr indicates the difference 
between the point at which a measurement is taken and an 
established zero or reference level. That is: 

measured power level 

dBr =10 log 

reference power level 

As an example, assume that 25 milliwatts will be used as the 
0 TLP in a particular system. If a level of 10 milliwatts is 
measured, then: 

0.010 

dBr = 10 log 

0.025 

dBr=-4 

Thus, the 10-mllliwatt signal would be at a-4 dBr point with 
reference to 25 milliwatts. 


dBmO 

When a power level measured in dBm is referred or 
measured to a 0 TLP, it is converted into dBmO, where the 
“O” Indicates that the measurement Is referred to a point of 
zero relative level. The unit dBmO Is an absolute unit of 
power in dBm. dBm can be related todBranddBmObythe 
following equation: 

dBmO = dBm - dBr 

As an example, assume that 8 dBm will be used as the 0 TLP 
or 8 dBmO. A signal is then measured at -12 dBm. To 
calculate the dBr point, the values are substituted into the 
equation: 

dBmO = dBm - dBr 
8 = -12 -dBr 
-20 = dBr 

Therefore, -1 2 dBm is at a -20 dBr point when 8 dBm is used 
as the 0 TLP. 

This unit, dBmO, is used extensively in telecommunications 
for recording results of such tests as gain, gain tracking, 
and frequency response. 

dBm and dBmO are generally intended as power 
measurements at a given point. However, many power 
measurements in the telecommunications industry are 
referenced to noise. The following Is a discussion of these 
units. 


dBm 

In order to develop a unit of measure for noise interference, 
both the response of the human ear and the efficiency of the 
telephone equipment used had to be considered. It was 
found that a frequency of 1000 Hz produced greater 
interference for the average listener than any other 
frequency. The designers of the early-model Western 
Electric 144 handset used this fact to produce a weighting 
curve. Fig. 1, that showed the interference effect of 
frequencies in the voice band as compared to 1000 Hz. The 
144 weighting curve shows that 500 Hz causes 15 dB less 
interference that a 1000 Hz signal of the same amplitude, 10 
dB at 600 Hz, 6 dB at 800 Hz and so on. 



Fig. 1 - Weighting curve used with Western Eiectric 144 handset. 

The noise-measurement referred to the 144 handset was 
the dBm (dB referenced to noise). The reference power 
selected was 1 picowatt (10‘12 watt), or -90 dBm at 1000 Hz. 
dBm can then be expressed as: 

(noise signal) 

dBm = 10 log 

10-12 

or 

dBm = dBm + 90 

dBa 

Subsequent to the 1 44 handset. Western Eiectric developed 
an improved handset, the F1A. This new handset had a 
broader response than the 144, but was 5 dB less sensitive 
at 1000 Hz. That Is, the same interfering effect was produced 
using -85 dBm with the FI A weighting as was produced 
using -90 dBm with the 144 weighting. Thus, a new noise 
unit known as dBa (decibels above reference noise, 
adjusted) was adopted. This noise unit uses a reference 
power of -85 dBm at 1000 Hz. dBa is expressed as: 

dBa = dBm + 85 

dBrnC and dBrnCO 

In the 1950’s, a third, more sensitive handset, the type 500, 
was put into service in North America. This handset 
produced yet another weighting curve called “C-message 
weighting,” Fig. 2. The C-message weighting curve is 3.5 dB 
more sensitive at the reference frequency than the FI A 
curve, and 1.5 dB less sensitive than the 144 weighting 
curve. However, instead of creating a new reference power 
level of -88.5 dBm, the -90 dBm level was maintained. The 
new noise unit became dBrnC (decibels above reference 
noise, C-message weighted), and can be expressed as: 

dBrnC = dBm + 90 

When noise measurements are taken with a 3000-Hz 
bandwidth (white noise), the level of interference changes. 
White noise, having a power of 0 dBm, produces an 
interference of only 82 dBa or 88 dBrnC. Therefore, the 
conversion from dBrnC to dBa is given by: 

dBrnC = dBa + 6 dB 
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Fig. 2 - Comparison of psophometric with C-message weighting. 


where the conversion factor has a 5 dB difference, and 
weighting over the 3000>Hz bandwith adds 1 dB of 
difference. 

It becomes convenient at times to refer an absolute noise 
power measurement to a known noise-power level. The 
zero transmission point (0 TLP) is then used and identified 
as dBrnCO where: 

dBrnCO = dBrnC - dBr 
and 

dBrnCO = dBm + go - dBr 

As an example, 0 dBr is used as the reference. Noise Is then 
measured at -82 dBm. To calculate the dBrnCO, the values 
are substituted into the equation above: 

dBrnCO = dBm + 90 - dBr 
= -82 + 90 - 0 
dBrnCO = 8 

Therefore, noise at -82 dBm is equivalent to 8 dBrnCO. 
dBrnCO is used in test documentation and data sheets to 
describe idle-channel noise. It gives the advantage of the 
use of a small positive number rather than a large negative 
number. 

Psophometric Weighting 

In Europe and other parts of the world, CCITT (International 
Telephone and Telegraph Consultative Committee) has 
established the psophometric weighting curve as the 
standard for noise measurements, Fig. 2. The referrence 
frequency used for this weighting is 800 Hz rather than the 
previously mentioned 1000 Hz. 

dBmP (dBm psophometrically weighted) is the unit of 
power In dBm measured with psophometric weighting. The 
reference level is 1 piqowatt and is designated as 1 pWp 
(picowatt psophometrically weighted), which is equivalent 
to an 800-Hz signal at -90 dBm. Approximate conversions 
are as follows: 

dBrnC = 10 log pWp 


For flat noise in the 300-3400-Hz frequency range: 
dBmp = dBa - 84 
dBa = 10 log pWp - 6 

A list of dB measurements Is given in Table II. 


Table II - dB Conversions 


Power (W) 

dBm 

dBm 

dBa 

dBrnC 

dBmP 

10 

40 

130 

125 

130 

40 

1 

30 

120 

115 

120 

30 

0.1 

20 

110 

105 

110 

20 

10-2 

10 

100 

95 

100 

10 

10-3 

0 

90 

85 

90 

0 

10-4 

-10 

80 

75 

80 

-10 

10-5 

-20 

70 

65 

70 

-20 

10-6 

-30 

60 

55 

60 

-30 

10-7 

-40 

50 

45 

50 

-40 

10-8 

-50 

40 

35 

40 

-50 

10-9 

-60 

30 

25 

30 

-60 

10-10 

-70 

20 

15 

20 

-70 

10-11 

-80 

10 

5 

10 

-80 

10-12 

-90 

0 

-5 

0 

-90 
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Abstracts of Other Application Notes 


ICAN-6080 6 pages 

Digital- to- Analog Conversion Using the RCA- 
CD-4007A COS/MOS 1C 

The use of the RCA-CD4007A COS/MOS 
dual complementary pair plus inverter as a 
digital-to-analog (D/A) switch is demonstrated. 
The op-amp output stage for the digital-to- 
analog converter (DAC) uses COS/MOS and 
bipolar transistor-array IC!*s. Resistance networks 
for DAC’s, the design of a voltage-follower 
amplifier for single supply operation, and a 
9-bit COS/MOS DAC are described. 


ICAN-6166 16 pages 

COS/MOS MSI Counter and Register Design 
and Applications 

Logic and schematic diagrams for counter 
and register types CD4006A, CD4014A, 

CD4015A, CD4018A, CD4020A, CD4021A, 
CD4022A, and CD4024A are presented; cir- 
cuit designs are outlined and device-design 
trade-offs are discussed. Performance criteria 
are summarized and applications by type are 
outlined by means of logic or subsystems dia- 
grams and waveforms photographs. 


ICAN-6176 8 pages 

Noise Immunity of COS/MOS Integrated-Circuit 
Logic Gates ^ 

The types of noise usually encountered in a 
logic system are discussed and the noise im-, 
munity of a COS/MOS integrated-circuit logic- 
gate test circuit in relation to system variables 
is evaluated. The evaluation is performed on a 
circuit that includes a CD4000A dual 3-input 
gate plus inverter and a CD4001 A quad 2-input 
gate connected in cascade to drive a CD4013A 
flip-flop. Measurement of the voltage required 
at various gate leads to switch the flip-flop 
defines the noise immunity threshold of the 
gate circuits. 


ICAN-6210 11 pages 

A Typical Data-Gathering and Processing Sys- 
tem Using CD4000A-Series COS/MOS Parts 
This Note is developed in terms of u typical 
system for process controls. The flexibility of 
system design and common data-bus architec- 
ture made possible by the three-state outputs 
and bidirectional input/outputs incorporated in 
many COS/MOS circuits are stressed, as is the 
ease of system design for data handling in 
increments of 4 bits made possible by the 
CD400()A family. The implementation of the 
system is shown in terms of the COS/MOS stand- 
ard parts that can be used to perform the 
desired system functions. Attention is focused 
on the muftiplicity of applications and the 
scope of information processing that can be 
covered by standard parts. 


ICAN-6289 12 pages 

A COS/MOS PCM Telemetry and Remote Data 
Acquisition Design 

Descriptive background material on tele- 
metry systems is given along with systems for 
both immediate and remote data conversion 


and transmission. Parts from the CD4000 family 
are used to show how various sections of the 
system may be realized, in the general case. The 
exact configuration of any specific system will, 
of course, depend on the unique requirements 
of the application. 


ICAN-6362 10 pages 

Using the CD4520B to Design Dividers with 
Symmetrical Outputs 

The general-purpose COS/MOS dual up- 
counter, the CD4520B, a counter that may be 
used in various counting and dividing applica- 
tions is discussed. Dividers of the form N=2i ± 1 
and N=2* ± 1 and described. Applications of 
symmetrical dividers are also discussed. 


ICAN-6374 8 pages 

The COS/MOS CD4059A Programmable Divide- 
by-N Counter in FM and Citizens-Band-Trans- 
ceiver Tuners 

The frequency synthesis . capability of the 
CD4059A programmable divide-by-N counter 
is demonstrated in applications in an FM 
digital tuner and in the digital tuner for a 
citizens-band tranceiver., The digital approach 
described in the paper allows desired frequen- 
cies to be selected by depressing numbered 
buttons on a keyboard. By using the appro- 
priate basic circuitry along with a phase-locked- 
loop circuit, the local oscillator of the receiver 
is adjusted and locked to the proper frequency, 
thus assuring proper station selection. Alternate 
methods of station selection that enhance the 
flexibility of the system are described. 


ICAN-6498 . 6 pages 

Design of Fixed and Programmable Counters 
Using the RCA CD4018A COS/MOS Presettable 
Divide-by-N Counter 

The use of the CD4018A single- decade and 
multidecade fixed and programmable divide-by- 
N counters are described. System considerations 
such as switch simplifications, components 
minimization, and speed are also discussed. 

ICAN-6600 6 pages 

Arithmetic Arrays Using Standard COS/MOS 
Building Blocks 

The design of a COS/MOS arithmetic unit 
capable of adding, subtracting, multiplying, and 
dividing is described. The device is also able 
to perform the logical functions of OR, AND 
and the Exclusive OR of two 4-bit words. Three 
4-bit registers are provided that permit either of 
two words to perform a desired operation with 
a third word. The system is configured with 
standard, commercially available COS/MOS 
devices, which include registers, AND-OR select 
gates, a full adder, and NOR and NAND gates. 


ICAN-6601 12 pages 

Transmission and Multiplexing of Analog or 
Digital Signals Utilizing the CD4016A Quad 
Bilateral Switch 

The CD4016A quad bilateral switch is the 


ideal semiconductor switch for use in switching 
applications; it can be used for the transmission 
of analog or digital signals with low distortion. 
The Note discusses features of the device; opera- 
tion of the COS/MOS switch; switch and logic 
applications, including switch and logic func- 
tions; multiplexing/demultiplexing; digital con- 
trol of signal gain, frequency, and impedance, 
including resistor networks, and variable fre- 
quency control; digital-to-analog conversion, in- 
cluding weighted resistor networks for the D/A 
converter, and an R-2R resistor ladder D/A 
converter; sample-and-hold applications; and 
squelch control (level detection). 


ICAN-6602 12 pages 

Interfacing COS/MOS with Other Logic Families 
The RCA CD4000A COS/MOS series circuits 
operate from power-supplies of 3 to 15 volts. 
Thus, they can drive and be driven by a num- 
ber of logic families, including all DTL and TTL 
families, within certain conditions and limita- 
tions. This Note describes the conditions of 
interface. 


ICAN-6716 15 pages 

Low-Power Digital Frequency Synthesizers Uti- 
lizing COS/MOS IC's 

A digital frequency synthesizer that employs 
a digital phase-locked loop and other COS/MOS 
circuits is described. Following a reveiw of 
phase-locked-loop fundamentals, the use of 
COS/MOS devices in FM receiver systhesizers 
is discussed. 

lCAN-6733 16 pages 

Battery-Powered Digital-Display Clock/Timer 
and Metering Applications Utilizing the RCA 
CD4026A and CD4033A Decode Counters - 
7 Segment Output Types 

This Note describes the CD4033A and 
CD4026A and their use with various 7-segment 
display units presently available. Interface 
packages and methods are discussed to help the 
the designer select the best system to meet his 
demands. Also included are battery-operated 
systems for digital clocks and watches. 


lCAN-6739 12 pages 

COS/MOS Rate Multipliers — Versatile Circuits 
for Synthesizing Digital Functions 

COS/MOS rate multipliers, the CD4527B 
and CD4089B, can be used as building blocks 
to generate a range of digital functions in 
low-power systems where minimum package 
count is desirable. The circuits may be em- 
ployed in numerical control, instrumentation, 
digital filtering, and frequency synthesis. When 
used with an up/down counter and control 
logic, they can be used to perform such opera- 
tions as multiplication, addition, subtraction, 
generation of algebraic equations and differen- 
tial equations, integration, and to raise num- 
bers to various powers. Symmetric rate multi- 
plication, the problem of eliminating round-off 
error in a direct frequency-synthesis application 
in a common-carrier multiplex system is also 
covered. 


786 




RCA Sales Offices, 
Authorized Distributors, and 

Manufacturers’ 

Representatives 


787 



RCA Sales Offices 


U.S. and Canada 


U.S. Alabama 

RCA 

Suite 133 

303 Williams Avenue, 

Huntsville, AL 35801 
Tel: (205) 533-5200 
Arizona 
RCA 

6900 E. Camelback Road, Suite 
460, Scottsdale, AZ 85251 

Tel: (602)947-7235 
California 
RCA 

4546 El Camino Real, 

Los Altos, CA 94022 

Tel: (415)948-8996 
RCA 

4827 No. Sepulveda Blvd., Suite 
420, Sherman Oaks, CA 91403 

Tel: (213)468-4200 
RCA 

17731 Irvine Blvd., Suite 104 
Magnolia Plaza Bldg., Tustin, 
CA 92680 

Tel: (714)832-5302 
Colorado 
RCA Corp. 

6767 So. Spruce Street 
Englewood, CO 80112 
Tel: (303)740-8441 
Florida 
RCA 

P.O. Box 12247, Uke Park, FL 
33403 

Tel: (305)626-6350 
Illinois 
RCA 

2700 River Road, Des Plaines 
IL 60018 

Tel: (312)391-4380 
Indiana 
RCA 

9240 N. Meridian Street, Suite 
102, Indianapolis, IN 46260 

Tel: (317)267-6375 
Kansas 
RCA 

8900 Indian Creek Parkway, 
Suite 410, 

Overland Park, KS 66210 

Tel: (913)642-7656 
Massachusetts 
RCA 

20 William Street, Wellesley, 
MA02181 
Tel: (617)237-7970 
Michigan 
RCA 

30400 Telegraph Road, Suite 
440, Birmingham, Ml 48010 


Minnesota 

RCA 

6750 France Avenue, So., Suite 
122, Minneapolis, MN 55435 

Tel: (612)929-0676 
New Jersey 
RCA 

1998 Springdale Road, 

Cherry Hill, NJ 08003 

Tel: (609)338-5042 
RCA 

67 Walnut Avenue, Clark, NJ 
07066 

Tel: (201)574-3550 
New York 
RCA 

160 Perinton Hill Office Park 
Fairport, NY 14450 
Tel: (716)223-5240 
Ohio 
RCA 

6600 Busch Blvd., Suite 1 10, 
Columbus, OH 43229 

Tel: (614)436-0036 
Tennessee 
RCA 

1 1 1 1 Northshore Drive, 
Northshore Center 2, 

Suite 405, 

Knoxville, TN 37919 
Tel: (615)588-2467 
Texas 

RCA Center 

4230 LBJ at Midway Road 
Town No. Plaza, Suite 121 
Dallas, TX 75234 

Tel: (214)661-3515 
Virginia 
RCA 

1901 N. Moore Street 
Arlington, VA 22209 

Tel: (703)558-4161 
Canada Alberta 

RCA Inc. 

6303 30th Street, SE, 

Calgary, Alberta T2C 1 R4 
Tel: (403)279-3384 
Quebec 
RCA Inc. 

21001 Trans-Canada Highway, 
St. Anne-de-Bellevue, 

Quebec H9X 3L3 

Tel: (514)457-2185 
Ontario 
RCA Inc. 

I Vulcan Street, Rexdale, 
Ontario M9W 1 L3 

Tel: (416)247-5491 


Tel; (313)644-1151 


Europe 

Belgium 


France 


Germany 


Italy 


Sweden 


U.K. 


RCA S.A. . 

Mercure Centre, Rue de la 
Fusee 100, 1130 Bruxelles 

Tel: 02/720.89.80 
RCA S.A. 

2-4 Avenue de L’Europe 
78140 Velizy 
Tel: (3)946.56.56 
RCA GmbH 
Pfingstrosenstrasse 29, 

8000 Munchen 70 
West Germany 
Tel: 089/7143047-49 
RCA GmbH 

Justus-von-Liebig-Ring 10 
2085 Quickborn 
West Germany 
Tel: 04106/613-0 
RCA GmbH 
Zeppelinstrasse 35, 

7302 Ostfildern 4 (Kemnat) 
West Germany 
Tel: 0711/454001-04 
RCA SpA 
Piazza San Marco 1 
20121 Milano 
Tel: (02)65.97.048-051 
RCA International LTD 
Box 3047, Hagalundsgatan 8 
171 03 Solna 3 
Tel: 08/83 42 25 
RCA LTD 

Lincoln Way, Windmill Road 
Sunbury-on-Thames 
Middlesex TW16 7HW 

Tel: 093 27 85511 


Asia Pacific 

Hong Kong RCA International, Ltd. 

13th Floor, Fourseas Bldg. 
208-212 Nathan Road 
Tsimshatsui, Kowloon 

Tel: 852-3-7236339 


Singapore RCA International, Ltd. 

Solid State Division, 24-15 Inter- 
national Plaza, 10 Anson Road, 
Singapore 0207 

Tel: 2224156/2224157 


Taiwan RCA Corporation 

Solid State Division, 

7th Floor, 97 

Nanking East Road, Section 2 
Taipei 

Tel: (02)521-8537 

Latin America 

Argentina Ramiro E. Podetti Reps. 

Lavalle 357 

3rd Floor, Office No. 24 
1047 Buenos Aires 

Tel: 393-3919 

Brazil RCA Solid State Limitada 

Av. Brig Faria Lima 1476 
7th Floor, Sao Paulo 01452 
Tel: 210-4033 


Mexico RCA S.A. de C.V./ 

Solid State Div., Avenida 
Cuitlahuac 2519, Apartado 
Postal 17-570, Mexico 16, D.F. 

Tel: (905)399-7228 
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U.S. ALABAMA 

Hamilton Avnet Electronics 

4692 Commercial Drive, NW 
Huntsville, AL 35805 
Tel: (205)837-7210 

ARIZONA 

Hamilton Avnet Electronics 
505 South Madison Drive 
Tempe, AZ 85281 
Tel: (602)231-5100 
Kierulff Electronics, Inc. 

4134 East Wood Street 
Phoenix, AZ 85040 
Tel: (602)243-4101 
Kierulff Electronics, Inc. 

1806 West Grant Road, Suite 102, 
Tucson, AZ 85705 
Tel: (602)624-9986 
Sterling Electronics, Inc. 

2(X)1 East IJniversitv Drive, 

Phoenix, AZ 85034* 

Tel: (602)258-4531 
Wyle Distribution Group 
8155 North 24th Avenue 
Phoenix, AZ 85021 
Tel: (602) 249-2232 


CALIFORNIA 
Arrow Electronics, Inc. 

951 1 Ridge Haven Court 
San Diego, CA 92123 
Tel: (714)565-6928 
Arrow Electronics, Inc. 

521 Weddell Drive 
Sunnyvale, CA 94086 
Tel: (408)745-6600 
Arrow Electronics, Inc. 

19748 Dearborn Street 
North Ridge Business Center 
Chatsworth, CA 91311 
Tel: (213) 701-7500 
Avnet Electronics 
350 McCormick Avenue 
Costa Mesa, CA 92626 
Tel: (714)754-6051 
Avnet Electronics 
21050 Erwin Street 
Woodland Hills, CA 91367 
Tel: (213)884-3333 
Hamilton Avnet Electronics 
3170 Pullman Street 
Costa Mesa, CA 92626 
Tel: (714)641-4107 
Hamilton Avnet Electronics 
1 175 Bordeaux Drive 
Sunnyvale, CA 94086 
Tel: (408) 743-3300 
Hamilton Avnet Electronics 
4545 Viewridge Avenue 
San Diego, C A 92123 
Tel: (714)571-7510 
Hamilton Electro Sales 
10912 W. Washington Blvd. 
Culver City, CA 90230 
Tel: (213)558-2121 
Hamilton Avnet Electronics 
4103 Northgate Boulevard, 
Sacramento, CA 95834 
Tel: (916) 920-3150 


Kierulff Electronics, Inc. 

2585 Commerce Way 
Los Angeles, CA 90040 
Tel: (213)725-0325 
Kierulff Electronics, Inc. 

3969 E. Bayshore Road 
Palo Alto, CA 94303 
Tel: (415)968-6292 
Kierulff Electronics, Inc. 

8797 Balboa Avenue 
San Diego, CA 92123 
Tel: (714)278-2112 
Kierulff Electronics, Inc. 
14101 Franklin Avenue 
Tustin, CA 92680 
Tel; (714)731-5711 
Schweber Electronics Corp. 
17822 Gillette Avenue 
Irvine, CA 92714 
Tel: (714)863-0200 
Schweber Electronics Corp. 
3110 Patrick Henry Drive 
Santa Clara, CA 95050 
Tel; (408) 748-4700 
Wyle Distribution Group 
124 Maryland Avenue 
El Segundo, CA 90245 
Tel; (213)322-8100 
Wyle Distribution Group 
9525 Chesapeake Drive 
San Diego, CA 92123 
Tel: (714) 565-9171 
Wyle Distribution Group 
3000 Bowers Avenue 
Santa Clara, CA 95052 
Tel: (408)727-2500 
Wyle Distribution Group 
17872 Cowan Avenue 
Irvine, CA 92714 
Tel: (714)863-9953 
Wyle Distribution Group 
18910 Teller Avenue 
Irvine, CA 92715 
Tel: (714)851-9958 
COLORADO 
Arrow Electronics Inc. 

1390 So. Potomac Street 
Suite 136 

Aurora, CO 80012 
Tel: (303 696-1111 
Hamilton Avnet Electronics 
8765 E. Orchard Road, Suite 
708, Englewood, CO 801 11 
Tel: (303)740-1000 
Kierulff Electronics, Inc. 

7060 So. Tucson Way 
Englewood, CO 80112 
Tel: (303)790-4444 
Wyle Distribution Group 
451 East 124th Avenue 
Thornton, CO 80241 
Tel: (303)457-9953 
CONNECTICUT 
Arrow Electronics, Inc. 

12 Beaumont Road 
Wallingford, CT 06492 
Tel: (203)265-7741 
Hamilton Avnet Electronics 
Commerce Drive, Commerce 
Industrial Park, 

Danbury, CT 06810 
Tel: (203)797-2800 


Kierulff Electronics, Inc. 

169 North Plains Industrial Road 
Wallingford, CT 06492 
Tel: (203)265-1115 
Schweber Electronics Corp. 
Finance Drive, 

Commerce Industrial Park, 
Danbury, CT 06810 
Tel: (203)792-3500 
FLORIDA 

Arrow Electronics, Inc. 

1001 NW 62nd Street, Suite 
108, Ft. Lauderdale, FL 33309 
Tel: (305)776-7790 
Arrow Electronics, Inc. 

50 Woodlake Dr., West-Bldg. B 
Palm Bay, FL 32905 
Tel: (305)725-1480 
♦Chip Supply 
1607 Forsythe Road 
Orlando, FL 32807 
Tel: (305)275-3810 
Hamilton Avnet Electronics 
6801 NW 15th Way 
Ft. Lauderdale, FL 33068 
Tel: (305)971-2900 
Hamilton Avnet Electronics 
3197 Tech Drive, No. 

St. Petersburg, FL 33702 
Tel: (813) 576-3930 
Kierulff Electronics, Inc. 

3247 Tech Drive 
St. Petersburg, FL 33702 
Tel: (813)576-1966 
Milgray Electronics, Inc. 

1850 Lee World Center 
Suite 104 

Winter Park, FL 32789 
Tel: (305)647-5747 
Schweber Electronics Corp. 

2830 North 28th Terrace 
Hollywood, FL 33020 
Tel: (305)927-0511 
GEORGIA 

Arrow Electronics, Inc. 

2979 Pacific Drive 
Norcross, GA 30071 
Tel: (404) 449-8252 
Hamilton Avnet Electronics 
5825D Peach Tree Corners 
Norcross, GA 30092 
Tel: (404)447-7503 
Schweber Electronics Corp. 

303 Research Drive 
Suite 210 

Norcross, GA 30092 

Tel: (404)449-9170 
ILLINOIS 

Arrow Electronics, Inc. 

2000 Algonquin Road 
Schaumburg, IL 60193 
Tel: (312)397-3440 
Hamilton Avnet Electronics 
1 130 Thorndale Avenue 
Bensenville, IL 60106 
Tel: (312)860-7700 


♦Chip distributor only. 
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U.S. and Canada (Cont’d) 

U.S. ILLINOIS 

KienillT Electronics, Inc. 

1536 Landmeier Road 
Elk Grove Village, IL 60007 
Tel: (312)640<0200 
Newark Electronics 
500 North Pulaski Road 
Chicago, IL 60624 
Tel: (312)638-4411 
Schweber Electronics Corp. 

904 Cambridge Drive 
Elk Grove Village, IL 60007 
Tel: (312)364-3750 
INDIANA 

Arrow Electronics, Inc. 

2718 Rand Road 
Indianapolis, IN 46241 
Tel: (317)243-9353 
Graham Electronics Supply, 
Inc. 

133 S. Pennsylvania Street 
Indianapolis, IN 46204 

Tel: (317)634-8202 
Hamilton Avnet Electronics, 
Inc. 

485 Gradle Drive 
Carmel, IN 46032 
Tel: (317)844-9333 
KANSAS 

Hamilton Avnet Electronics 
9219 Quivira Road 
Overland Park, KS 66215 
Tel: (913)888-8900 
Milgray Electronics, Inc. 

6901 W. 63rd Street 
Overland Park, KS 66215 
Tel: (913)236-8800 
LOUISIANA 
Sterling Electronics, Inc. 

3005 Harvard St., Suite 101 
Metairie, LA 70002 
Tel: (504)887-7610 
MARYLAND 
Arrow Electronics, Inc. 

4801 Benson Avenue 
Baltimore, MD 21227 
Tel: (301)247-5200 
Hamilton Avnet Electronics 
6822 Oakhill Lane 
Columbia, MD 21045 
Tel: (301)995-3500 
Pyttronic Industries, Inc. 
Baltimore/ Washington Ind.Pk. 
8220 Wellmoor Court 
Savage, MD 20863 
Tel: (301)792-0780 
Schweber Electronics Corp. 
9218 Gaithers Road 
Gaithersburg, MD 20877 
Tel: (301)840-5900 
Zebra Electronics, Inc. 

2400 York Road 
Timonium, MD 21093 
Tel: (301)252-6576 
MASSACHUSETTS 
Arrow Electronics, Inc. 

Arrow Drive 
‘Woburn, MA 01801 
Tel: (617)933-8130 


Hamilton Avnet Electronics 
50 Tower Office Park 
Woburn, MA 01801 
Tel: (617)935-9700 
* Hybrid Components Inc. 

140 Elliot Street 
Beverly, MA 01915 
Tel: (617)927-5820 
Kierulff Electronics, Inc. 

13 Fortune Drive 
Billerica, MA 01821 
Tel: (617)667-8331 
A. W. Mayer Co. 

34 Linnell Circle 
Billerica, MA 01821 
Tel: (617)229-2255 
Schweber Electronics Corp. 

25 Wiggins Avenue 
Bedford, MA 01730 
Tel: (617)275-5100 
•Sertech 

One Peabody Street 
Salem, M A 01970 
Tel: (617)745-2450 
Sterling Electronics, Inc. 

41 1 Waverly Oaks Road 
Waltham, M A 02154 
Tel: (617) 894-6200 
MICHIGAN 
Arrow Electronics, Inc. 

3810 Varsity Drive 
Ann Arbor, MI 48104 
Tel: (313)971-8220 
Hamilton Avnet Electronics 
2215 29th Street 
Grand Rapids, MI 49503 
Tel: (616)243-8805 
Hamilton Avnet Electronics 
32487 Schoolcraft Road 
Livonia, MI 48150 
Tel: (313) 522-4700 
Schweber Electronics Corp. 
12060 Hubbard Avenue 
Livonia, MI 48150 
Tel: (313) 525-8100 
MINNESOTA 
Arrow Electronics, Inc. 

5230 West 73rd Street 
Edina, MN 55435 
Tel: (612)830-1800 
Hamilton Avnet Electronics 
10300 Bren Road, East 
Minnetonka, MN 55343 
Tel: (612) 932-0600 
Kierulff Electronics, Inc. 

7667 Cahill Road 
Edina, MN 55435 
Tel: (612) 941-7500 
Schweber Electronics Corp. 
7422 Washington Avenue, So. 
Eden Prairie, MN 55344 
Tel: (612)941-5280 
MISSOURI 
Arrow Electronics, Inc. 

2380 Schuetz Road 
St. Louis, MO 63141 
Tel: (314) 567-6888 

♦Chip distributor only. 


Hamilton Avnet Electronics 
13743 Shoreline Court East 
Earth City, MO 63045 
Tel: (314)344-1200 
Kierulff Electronics, Inc. 

2608 Metro Park Boulevard 
Maryland Heights, MO 63043 
Tel: (314) 739-0855 
NEW HAMPSHIRE 
Arrow Electronics, Inc. 

One Perimeter Drive 
Manchester, NH 03103 
Tel: (603)668-6968 
NEW JERSEY 
Arrow Electronics, Inc. 
Pleasant Valley Avenue 
Moorestown, NJ 08057 
Tel: (609)235-1900 
Arrow Electronics, Inc. 

Two Industrial Road 
Fairfield, NJ 07006 
Tel: (201)575-5300 
Hamilton Avnet Electronics 
Ten Industrial Road 
Fairfield, NJ 07006 
Tel: (201)575-3390 
Hamilton Avnet Electronics 
One Keystone Avenue 
Cherry Hill, NJ 08003 
Tel: (609)424-0110 
Kierulff Electronics, Inc. 

37 Kulick Road 
Fairfield, NJ 07006 
Tel: (201)575-6750 
Schweber Electronics Corp. 

18 Madison Road 
Fairfield, NJ 07006 
Tel: (201)227-7880 
NEW MEXICO 
Arrow Electronics, Inc. 

2460 Alamo, SE 
Albuquerque, NM 87106 
Tel: (505)243-4566 
Hamilton Avnet Electronics 
2524 Baylor S.E. 
Albuquerque, NM 87106 
Tel: (505) 765-1500 
Sterling Electronics, Inc. 

3540 Pan American 
Freeway, N.E. 

Albuquerque, NM 87107 
Tel: (505)884-1900 
NEW YORK 
Arrow Electronics, Inc. 

20 Oser Avenue 
Hauppauge, L.L, NY 11788 
Tel: (516)231-1000 
Arrow Electronics, Inc. 

7705 Maltlage Drive 
Liverpool, NY 13088 
Tel: (315)652-1000 
Arrow Electronics, Inc. 

25 Hub Drive 
Melville, LI, NY 11747 
Tel: (516)391-1640 
Arrow Electronics, Inc. 

3000 South Winton Road 
Rochester, NY 14623 
Tel: (716)275-0300 
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U.S. NEW YORK 

Hamilton Avnet Electronics 
Five Hub Drive 
Melville, L.I., NY 11746 
Tel: (516)454-6000 
Hamilton Avnet Electronics 
333 Metro Park 
Rochester, NY 14623 
Tel: (716) 475-9130 
Hamilton Avnet Electronics 
16 Corporate Circle 
East Syracuse, NY 13057 
Tel: (315)437-2641 
Milgray Electronics, Inc. 

191 Hanse Avenue 
Freeport, L.I., NY 11520 
Tel: (516)546-5600 
Schweber Electronics Corp. 

Three Townline Circle 
Rochester, NY 14623 
Tel: (716)424-2222 
Schweber Electronics Corp. 

Jericho Turnpike 
Westbury, L.I., NY 11590 
Tel: (516)334-7474 
Summit Distributors, Inc. 

916 Main Street 
Buffalo, NY 14202 
Tel: (716)884-3450 
NORTH CAROLINA 
Arrow Electronics, Inc. 

5240 Greensdairy Road 
Raleigh, NC 27604 
Tel: (919) 876-3132 
Hamilton Avnet Electronics 
3510 Spring Forest Road 
Raleigh, NC 27604 
Tel: (919)878-0810 
Kierulff Electronics Inc. 

1 North Commerce Center 
5249 North Boulevard 
Raleigh, NC 27604 
Tel: (919)872-8410 
Scbweber Electronics Corp. 

5285 North Boulevard 
Raleigh, NC 27604 
Tel: (919)876-0000 
OHIO 

Arrow Electronics, Inc. 

7620 McEwen Road 
Centerville, OH 45459 
Tel: (513)435-5563 
Arrow Electronics, Inc. 

6238 Cochran Road 
Solon, OH 44139 
Tel: (216)248-3990 
Hamilton Avnet Electronics, 

Inc. 

4588 Emery Industrial Parkway 
Cleveland, OH 44128 
Tel: (216)831-3500 
Hamilton Avnet Electronics 
954 Senate Drive 
Dayton, OH 45459 
Tel: (513)433-0610 
Hugbes-Peters, Inc. 

481 East Eleventh Avenue 
Columbus, OH 43211 
Tel: (614) 294-5351 
Kierulff Electronics, Inc. 

23060 Miles Road 
Cleveland, OH 44128 
Tel: (216)587-6558 


Scbweber Electronics Corp. 

23880 Commerce Park Road 
Beach wood, OH 44122 
Tel: (216)464-2970 
OKLAHOMA 
Kierulff Electronics, Inc. 

Metro Park 12318 East 60th 
Tulsa, OK 74145 
Tel: (918)252-7537 
OREGON 

Hamilton Avnet Electronics 
6024 S.W. Jean Road, 

Bldg, B-Suite J, 

Lake Oswego, OR 97034 
Tel: (503)635-8157 
Wyle Distribution Group 
5289 N.E. Ezram Young Parkway 
Hillsboro, OR 97123 
Tel: (503)640-6000 
PENNSYLVANIA 
Arrow Electronics, Inc. 

650 Seco Road 
Monroeville, PA 15146 
Tel: (412)856-7000 
Herbacb & Rademan, Inc. 

401 East Erie Avenue 
Philadelphia, PA 19134 
Tel: (215)426-1700 
Scbweber Electronics Corp. 

231 Gibralter Road 
Horsham, PA 19044 
Tel: (215)441-0600 
TEXAS 

Arrow Electronics, Inc. 

13715 Gamma Road 
Dallas, TX 75240 
Tel: (214)386-7500 
Arrow Electronics, Inc. 

10899 Kinghurst Dr., Suite 100 
Houston, TX 77099 
Tel: (713) 530-4700 
Hamilton Avnet Electronics 
2401 Rutland Drive 
Austin, TX 78758 
Tel: (512)837-8911 
Hamilton Avnet Electronics 
2111 West Walnut Hill Une 
Irving, TX 75060 
Tel: (214)659-4111 
Hamilton Avnet Electronics 
8750 Westpark 
Houston, TX 77063 
Tel: (713)975-3515 
Kierulff Electronics, Inc. 

3007 Longhorn Blvd., Suite 105 
Austin, TX 78758 
Tel: (512)835-2090 
Kierulff Electronics, Inc. 

9610 Skillman Avenue 
Dallas, TX 75243 
Tel: (214)343-2400 
Kierulff Electronics, Inc. 

10415 Landsbury Drive, Suite 210 
Houston, TX 77099 
Tel: (713)530-7030 
Scbweber Electronics Corp. 

4202 Beltway, 

Dallas, TX 75234 

Tel: (214)661-5010 Canada 

Scbweber Electronics Corp. 

10625 Richmond Ste. 100 
Houston, TX 77042 
Tel: (713)784-3600 


Sterling Ekctronki, Inc. 

2335 A Kramer Lane, Suite A 
Austin, TX 78758 
Tel: (512)836-1341 
Sterling Electronics, Inc. 

1 1090 Stemmons Freeway 
Stemmons at Southwell 
Dallas, TX 75229 
Tel: (214) 243-1600 
Sterling Electronics, Inc. 

4201 Southwest Freeway 
Houston, TX 77027 
Tel: (713)627-9800 
UTAH 

Hamilton Avnet Electronics 
1585 West 2100 South 
Salt Lake City, UT84119 
Tel: (801) 972-2800 
Kierulff Electronics, Inc. 

2121 S. 3600 West Street 
Salt Lake City, UT84119 
Tel: (801)973-6913 
Wyle Distribution Group 
1959 South 4130 West Unit B 
Salt Lake City, UT 84104 
Tel: (801)974-9953 
WASHINGTON 
Arrow Electronics, Inc. 

14320 N.E. 21st Street 
Bellevue, WA 98005 
Tel: (206)643-4800 
Hamilton Avnet Electronics 
14212 N.E. 21st Street 
Bellevue, WA 98005 
Tel: (206)453-5874 
Kierulff Electronics, Inc. 

1005 Andover Park E. 
Tukwila, WA98188 
Tel: (206) 575-4420 
Priebe Electronics 
221 1 Fifth Avenue 
Seattle, W A 98121 
Tel: (206)682-8242 
Wyle Distribution Group 
1750 132nd Avenue, N.E. 
Bellevue, WA 98005 
Tel: (206) 453-8300 
WISCONSIN 
Arrow Electronics, Inc. 

430 West Rawson Avenue 
Oak Creek, WI 53154 
Tel: (414) 764-6600 
Hamilton Avnet Electronics 
2975 South Moorland Road 
New Berlin, WI 53151 
Tel: (414) 784-4510 
Kierulff Electronics, Inc. 
2236G West Bluemond Road 
Waukesha, WI 53186 
Tel: (414) 784-8160 
Taylor Electric Company 
1000 W. Donges Bay Road 
Mequon, WI 53092 
Tel: (414)241-4321 


Alberta 

Hamilton Avnet Elec. 

2816 21st St. N.E., Calgary 
Alberta, T2E 6Z2 
Tel: (403) 230-3586 
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Cemdft L. A. Varah, Ltd. 

6420 6 A Street SE, 

Calgary, Alberta T2H ZB7 
Tel: (403)255-9550 
British Columbia 
L. A. Varah, Ltd. 

2077 Alberta Street, 

Vancouver, B.C. V5Y 1C4 
Tel: (604)873-32111 
R.A.E. Industrial Electronics, 

Ltd. 

3455 Gardner Court, Burnaby, 

B.C. V5G 4J7 
Tel: (604)291-8866 
Manitoba 
L. A. Varah, Ltd. 

#12 1832 King Edward Street 
Winnipeg, Manitoba R2R ONI 
Tel: (204)633-6190 


Ontario 

Cesco Electronics Ltd. 

24 Martin Ross Road 
Downsview, Ontario M3J 2K9 
Tel: (416)661-0220 
Electro Sonic, Inc. 

1 100 Gordon Baker Road 
Willowdale, Ontario M2H 3B3 
Tel: (416) 494-1666 
Hamilton Avnet (Canada) Ltd. 
6845 Rexwood Drive 
Units 3,4,5 

Mississauga, Ontario L4V 1 M5 
Tel: (416)677-7432 
Hamilton Avnet (Canada) Ltd. 
210 Colonnade Street 
Nepean, Ontario K2E 7L5 
Tel: (613)226-1700 


L. A. Varah, Ltd. 

505 Kenara Aveniw, Hamilton, 
Ontario L8E 1J8 
Tel: (416) 561-9311 

Quebec 

Cesco Electronics, Ltd. 

4050 Jean Talon Street, West 
Montreal, Quebec H4P IWl 
Tel: (514) 735-5511 
Hamilton Avnet (Canada) Ltd. 
2670 Sabourin Street, St. 
Laurent, Quebec H4S 1 M2 
Tel: (514) 331-6443 


Europe, Middle East, and Africa 


Austria 


Belgium 


Denmark 


Egypt 


Ethiopia 


Finland 


France 


Germany 


Bacher Elektronische Gerate 
GmbH 

Rotenmuhlgasse 26, 

A-1 120 Vienna 

Tel: 0222/8356460 

Inelco Belgium S.A. 

Avenue des Croix de Guerre 94 
1 120 Bruxelles 

Tel: 02/216.01.60 

Tage Olsen A/S 
P.O. Box 225 
DK - 2750 Ballerup 
Tel: 02/65 81 11 
Sakreo Enterprises 
P.O. Box 1133, 

37 Kasr El Nil Street, Apt. 5 
Cairo 

Tel: 744440 

General Trading Agency 
P.O. Box 1684 
Addis Ababa 
Tel: 132718 137275 

Telercas OY 
P.O. Box 33 
SF- 04201 Kerava 
Tel: 0/248.055 
Almex S.A. 

48, rue de I’Aubepine, 

F - 92160 - Antony 
Tel: (1)666 21 12 
Radio Equipments 
Antares S.A. 

9, rue Ernest Cognacq, 

F - 92301 - Levallois Perret 
Tel: (1)758 11 11 
Tekelec Airtronic S.A. 

Cite des Bruyeres, 

Rue Carle Vernet, 

F- 923 10 -Sevres 
Tel: (1)534.75.35 
Alfred Neye Enatechnik GmbH 
Schillerstrasse 14, 

2085 Quickbom 
West Germany 
Tel: 04106/6121 


ECS Hilmar Frehsdoif GmbH 

Electronic Components Service 

Carl-Zeiss Strasse 3 

2085 Quickbom 

West Germany 

Tel: 04106/71058-59 

Beck GmbH & Co. 

Elektronik Bauelemente KG 
Eltersdorfer Strasse 7, 

8500 Numberg 15 
West Germany 
Tel: 0911/34961-66 
Elkose GmbH 
Bahnhofstrasse 44, 

7141 Moglingen 
West Germany 
Tel: 07141/4871 
Sasco GmbH 

Hermann-Oberth-Strasse 16 
8011 Putzbrunn bei Munchen 
West Germany 
Tel: 089/46111 
Spoerle Electronic KG 
Max-Planck Strasse 1-3, 

6072 Dreieich bei Frankfurt 
West Germany 
Tel: 06103/3041 
Greece Semieem Co. 

104 Aeolou Str. 

TT,131 Athens 
Tel: 3253626 
Holland Vekano BV 
Postbus 6115, 

N - 5600 HC Eindhoven 
Tel: (40)8109 75 
Hungary Hungagent 

P.O. Box 542 
H-1374 Budapest 
Tel: 01/669-385 
Iceland Georg Amundason 

P.O. Box 698, Reykjavik 
Tel: 81180 

Israel Aviv Electronics 

Kehilat Venezia Street 12 
69010 Tel- Aviv 
Tel: 03-494450 


Italy DEDO Elettronica SpA 

Strada Statale 16 Km 403-550 
64019 Tortoreto Lido (Te) 

Tel: 0861/78.67.46-48 
Eledra 3S SpA 
Viale Elvezia 18, 

I - 20154, Milano 
Tel: (02)349751 
IDAC Elettronica SpA 
Via Verona 8, 

1 - 35010 Busa di Vigonza 
Tel: (049)72.56.99 
LASI Elettronica SpA 
Viale Lombardia 6, 

1 - 20092 Cinisello 
Balsamo (Mi) 

Tel: (02)61.20.441-5 
Silverstar Ltd. 

Via dei Gracchi 20, 

1 - 20146 Milano 
Tel: (02) 49.96 

Kuwait Morad Yousuf Behbchani 

P.O. Box 146 
Kuwait 

Morocco Societe d’Equipement Mecanique 

et Electrique sji. (S.E.M.E.) 
rue Ibn Batouta 29 
Casablanca 
Tel: (212)22.08.65 
Norway National Elektro A/S 

Ulvenveien 75, P.O. Box 53 
Okern, Oslo 5 
Tel: (472)64 49 70 
Portugal Telectra Sari 

Rua Rodrigo da Fonseca, 103 
Lisbon 1 
Tel: 68.60.72-75 
South Africa Allied Electronic 

Components (PTY) Ltd. 

P.O. Box 6387 
Dunswart 1508 
Tel: (011)528-661 
Spain Kontron S.A. 

Salvatierra 4, 

Madrid 34 
Tel: 1/729.11.55 
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RCA Authorized Distributors 

Europe, Middle East, and Africa(Cont’d) 


Spain 

Novolectric U.K. 

Villarocl, 40, 

Barcelona 1 1 

Tel: 254.18.07-M 

ACCESS Electronic Components 
Ltd. 

Austin House, Bridge Street 
Hitchin, Hertfordshire SG5 2DE 


Sweden 

Femer Electronics AB 

Snormakarvagen 35, 

P.O. Box 125, 

S-161 26 Bromma Stockholm 

Tel: 08/80 25 40 

Tel: Hitchin (0462) 31 221 

Gothic Crellon Electronics Ltd. 

380 Bath Road, Slough, 

Berks, SLl 6JE 

Tel: Burnham (06286) 4434 


Switzerland 

Baerlocher AG 

Forrlibuckstrasse 110 

8005 Zurich 

Tel: (01)42.99.00 

Jermyn Distribution 

Vestry Industrial Estate 

Sevenoaks, Kent 

Tel: Sevenoaks (0732) 450144 

Yugoslavia 

Turkey 

Teknim Company Ltd. 

Riza Sah Pehlevi Caddesi 7 

Kavaklidere Ankara 

Macro Marketing Ltd. 

Burnham Lane, 

Slough, Berkshire SLl 6LN 

Zambia 


Tel: 27.58.00 

Tel: Burnham (06286) 4422 

Zimbabwe 


Asia Pacific 




Australia 

AWA Microelectronics 

Indonesia 

NVPD Soedarpo Corp. 



348 Victoria Road 


Samudera Indonesia Building 



Rydalmere N.S.W. 2116 


JL Letten, Jen. S 



Amtron Tyree Pty. Ltd. 


Parman No. 35 Slipi 

Singapore 


176 Botany Street, Waterloo, 


Jakarta Barat 



N.S.W. 2017 

Japan 

Okura &. Company Ltd. 


Bangladesh 

Electronic Engineers &. 


3-6 Ginza, Nichome, Chuo-Ku 



Consultants Ltd. 


Tokyo 104 



103 Elephant Road, 1st Floor 

Korea 

Panwest Company, Ltd. 



Dacca 5 


C.P.O. Box 3358 


Hong Kong 

Gibb Livingston & Co., Ltd. 


Room 603, Sam Duk Building 

Sri Lanka 


77 Leighton Road 


131 Da-Dong, Chung-Ku 



Leighton Centre 


Seoul, Republic of South Korea 



P.O. Box 55 

Nepal 

Continental Commercial 

Taiwan 


Hong Kong Electronic 


Distributors 



Components Co. 


Durbar Marg. 



Flat A Yun Kai Bldg. 1/Fl 


Kathmandu 



466-472 Nathan Road 

New 

AWA NZ Ltd. 



Kowloon 

Zealand 

N.Z. P.O. Box 50-248 


India 

Photophone Ltd. 


Porirua 

Thailand 


179-5 Second Cross Road 

Philippines Philippine Electronics Inc. 



Lower Palace Orchards 


P.O. Box 498 



Bangalore 560 003 


3rd Floor, Rose 



Industrial Bldg., 1 1 Pioneer St. 
Pasig, Metro Manila 


Latin America 

Argentina Eneka S.A.I.C.F.I. 

Tucuman 299, 

1049 Buenos Aires 
Tel: 31-3363 
Radiocom S.A. 

Conesa 1003, 

1426 Buenos Aires 
Tel: 551-2780 
Tecnos S.R.L. 
Independencia 1861 
1225 Buenos Aires 
Tel: 37-0239 

Brazil Commercial Bezerra Ltda. 

Rua Costa Azevedo, 139, 
CEP-69.000 Manaus/ AM 
Tel: (092)232-5363 


Panamericana Comercial 
Importadora Ltda. 

Rua Aurora, 263, 

01209, Sao Paulo, SP 
Tel: (011)222-3211 
Chile Raylex Ltda. 

Av Providencia 1244, 
Depto.D, 3er Piso 
Casilla 13373, Santiago 
Tel: 749835 
Industria de Radio y 
Television S.A. (IRT) 
Vic. MacKenna 3333 
Casilla 170-D, Santiago 
Tel: 561667 


Colombia 


Costa Rica 


Dominican 

Republic 


STC Electronic Services 
Edinburgh Way, Harlow 
Essex, CM20 2DF 
Tel: Harlow (0279) 26777 
VSl Electronics (U.K.) Ltd. 
Roydonbury Industrial Park 
Horsecroft Road, Harlow 
Essex CM 19 5 BY 
Tel: Harlow (0279) 29666 
Avtotehna 

P.O. Box 593, Celovska 175 
Ljubljana 61000 

Tel: 552 341 

African Technical Associates Ltd. 
Stand 5196 Luanshya Road 
Lusaka 

BAK Electrical Holdings (Pvt) Ltd. 

P.O. Box 2780 
Salisbury 


Semitronics Philippines 

216 Ortego Street 

San Juan 3134, Metro Manila 

Device Electronics Pte. Ltd. 

101 Kitchener Road No. 02-04 
Singapore 0820 
Microtronics Asso. Pte. Ltd. 
Block 1003, Unit 35B 
Aljunied Avenue 5 
Singapore 1438 
C.W. Mackie & Co. Ltd. 

36 D.R. Wijewardena Mawatha 

Colombo 10 

Delta Engineering Ltd. 

No. 42 Hsu Chang Street 
8th Floor, Taipei 
Multitech International Corp. 
No. 977 Min Shen East Road 
Taipei 

Anglo Thai Engineering Ltd. 

2160 Ramkambaeng Road 
Highway Hua Mark, Bangkok 
Better Pro Co. Ltd. 

71 Chakkawal Road 
Wat Tuk, Bangkok 


Miguel Antonio Pena Pena 
Y Cia. S. En C. 

Carrera 12 #1906 
Bogota 

Electronica Moderna 

Carrera 9 A, NRO 19-52 
Apartado Aereo 5361 
Bogota, D.E.I 
J. G. Valldeperas, S.A. 

Calle 1, Avenidas 1-3, 
Apartado Postal 3923 
San Jose 
Tel: 32-36-14 

Humberto Garcia, C. por A. 

El Conde 366 
Apartado de Correos 771 
Santo Domingo 

Tel: 682-3645 
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RCA Authorized Distributors 

Latin America (Cont’d) 


Ecuador 

Elecom, S.A. 

Padre Solano 202-OF. 8, 
P.O. Box 9611, Guayaquil 

Mexico 

El Salvador 

Radio Eleclrica, S.A. 

4A Avenida Sur Nb. 228 
San Salvador 

Tel: 21-5609 

Radio Parts, S.A. 

2A C. 0. No. 3 19 Postal la 
Dalia, P.O. Box 1262 

San Salvador 

Tel: 21-3019 


Guatemala 

Electronics Guatemalteca 

13 Calle 5-59, Zona 1 

P.O. Box 514 

Guatemala City 

Tel: 25-649 



Tele-Equipos, S.A. 

Netherland 


lOA Calle 5-40, Zona 1 
Apartado Postal 1798 

Antilles 


Guatemala City 

Tel: 29-805 

Nicaragua 

Haiti 

Societe Haitienne 
D’Automobiles, S.A. 



P.O. Box 428, 
Port-Au-Prince 

Tel: 2-2347 

Panama 

Honduras 

Francisco J. Yones 

3A Avenida S.O. 5 

San Pedro Sula, 

Honduras, Central America 

Tel: 52-00-10 

Paraguay 

Peru 


Electronics Remberg, S.A. Surinam 
de C.V. 

Republica del Salvador No. 

30-102, Mexico City 1, D.F, 

Tel: 510-47-49 
Mexicans de Bulbos, S.A. 

Michoacan No. 30 
Mexico 1 1, D.F. 

Tel: 564-92-33 

Partes Electronicas, S.A. Trinidad 

Republica Del Salvador 30-501 

Mexico City 

Tel: (905)585-3640 

Raytel, S.A. 

Sullivan 47 Y 49 Uruguay 

Mexico 4, D.F. 

Tel: 566-67-86 


El Louvre, S.A. 

P.O. Box 138, Curacao 

Tel: 54004 


Comercial F. A. Mendieta, S.A. 

Apartado Postal No. 1956 
C.S.T. 5c A1 Sur 2c 1/2 Abajo 
Managua 


Venezuela 


Tropelco, S.A. 

Via Espana 20-18, Panama 7 
Rep. de Panama 
Compania Comercial Del 
Paraguay, S.A. 

Casilla de Correo 344 
Chile 877, Asuncion 
Arven S.A. 

PSJ Adan Mejia 103, OF. 33 
Lima 11 
Tel: 716229 


West Indies 


Kirpalani’s Ltd. 

17-27 Maagdenstreet, 

P.O. Box 251, Paramaribo 
Tel: 71-400 
Surinam Electronics 
Keizerstreet 206 
P.O. Box 412 
Paramaribo 
Tel: 76-555 
Kirpalani’s Limited 
Kirpalani’s Komplex 
Churchill Roosevelt Highway 
San Juan, Port-of-Spain 
Tel: 638-2224/9 
American Products S.A. 

(APSA) 

Casilla de Correo 1438 
Canelones 1133 
Montevideo 

Tel: 594210 

P. Benavides, P., S.R.L. 

Residencies Camarat, Local 7 
La Candelaria, Caracas 
MAIL ADDRESS: Apartado Posta 
20.249 

San Martin, Caracas 
Tel: (58-2)571-21-46 
Da Costa and Musson Ltda. 

Carlisle House 
Hincks Street 
P.O. Box 103 
Bridgetown, Barbados 
Tel: 608-50 
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Alabama 
CSR Electronics 
7272-E2 Arcadia Ci. N.W. 
Huntsville, AL 35801 
Tel: (205)533-2444 

Arizona 

Thom Luke Sales, Inc. 

2940 North 67th Place 
Suite H 

Scottsdale, AZ 85251 
Tel: (602)941-1901 

California 
CK Associates 
8333 Clairemont Mesa Blvd. 
Suite 105 

San Diego, CA92111 

Tel: (714)279-0420 

Connecticut 

New England Technical Sales 
(NETS) 

240 Pomeroy Avenue 
Meriden, CT 06450 
Tel: (203)237-8827 

Florida 

G.F. Bohman Assoc., Inc. 

130 N. Park Avenue 
Apopka, FL 32703 
Tel: (305)886-1882 
G.F. Bohman Assoc., Inc. 

2020 W. McNab Road 
Ft. Uuderdale, FL 33309 
Tel: (305)979-0008 

Georgia 

CSR Electronics 

1530 Dunwoody Village Pkwy. 

Suite 1 10 

Atlanta, GA 30338 
Tel: (404)396-3720 


Kansas 

Electri-Rep 

7070 W. 107th Street 
Suite 160 

Overland Park, KS 66212 

Tel: (913)649-2168 

Massachusetts 

New England Technical Sales 
(NETS) 

135 Cambridge Street 
Burlington, MA 01803 
Tel: (617)272-0434 

Minnesota 

Comprehensive Technical Sales 
8053 Bloomington Freeway 
Minneapolis, MN 55420 
Tel: (612)888-7011 

New Jersey 
Astrorep, Inc. 

717 Con very Blvd. 

Perth Amboy, NJ 08861 
Tel: (201)826-8050 

New York 
Astrorep, Inc. 

103 Cooper Street 
Babylon, L.I., NY 11702 
Tel: (516)422-2500 

North Carolina 
CSR Electronics 

4208 Six Forks Road 
Suite 305 

Raleigh, NC 27609 

Tel: (919)787-2137 

Ohio 

Lyons Corporation 
4812 Frederick Road 
Suite 101 

Dayton, OH 45414 
Tel: (513)278-0714 


Lyons Corporation 
4615 W. Streetsboro Road 
Richfield, OH 44286 
Tel: (216)659-9224 

South Carolina 
CSR Electronics 
1506 Winding Way 
So. Carolina 
Taylors, SC 29687 
Tel: (803) 292-2388 

Texas 

Southern States Marketing 
400 E. Anderson Lane 
Suite 218-6 
Austin, TX 78752 
Tel: (512)452-9459 
Southern States Marketing 
9730 Townpark Drive #105 
Houston, TX 77036 
Tel: (713)988-0991 
Southern States Marketing 
1 142 Rockingham 
Suite 106 

Richardson, TX 75080 

Tel: (214) 238-7500 

Utah 

Simpson Assocs. 

7324 So. 1300 E. 

Suite 350 

Midvale, UT 84047 
Tel: (801) 566-3691 

Washington 
Vantage Corp. 

300 120th Avenue N.E. 
Bldg. 7, Suite 207 
Bellevue, WA 98005 
Tel: (206)455-3460 
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